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TOP AS-02236 
(p = 800 nm) 

wavelength 
tuning Mixer Mixer 

Output Output 
curve crystals rotation min-or 

range, nm 
(*.crv) (#) axis 

pol ariz. (Ml2) 

s 1140 1620 
Main 

- - - - v In 
I 1580 2680 - - - - H In 

dfg 
2600 5000 

DFG 
8 - H - H ht 

5000 30000 9 - H - H In 

H-horizontal, V-vertical 

Note 1: Ml2 must be in beam when DFG is used. Pump beam will damage the DFG 
crystal. 
Note 2: DFG Delay Crystal (DFDC) is not used. 

Empty position for mixer: 
Mixer I - 2400 



TOP AS OUTPUT ENERGY vs. WAVELENGTH 

TOPAS 02236 

Pump: Coherent Legend 
Epump ~ 1.62 mJ; Wavelength: 800nm (BW-10nm) 

1. S+l (crystal #1 B) 
Tuning Curve: main.crv 

Wavelength Range: 
1140-2680 nm 

Output: TOPAS 
(M 12 closed) 

Polarization: S-V, 1-H 
S wavelength 

(nm) 
1140 
1160 
1180 
1200 
1220 
1240 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
1420 
1440 

S-signal 
1-idler 
V -vertical 
H-horizontal 

S+I energy 
()lJ) 

75 
126 
201 
236 
226 
289 
290 
300 
320 
329 
333 
325 
309 
313 
315 
322 

1. S+l (crystal #1) 
continued 

S wavelength S+I energy 
(nm) ()lJ) 

1460 325 
1480 320 
1500 308 
1520 310 
1540 310 
1560 303 
1580 303 
1600 296 
1620 242 
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10. DFG1 (crystal #8) 10. DFG2 (crystal #9) 
Tuning Curve: DFG.crv Tuning Curve: DFG .crv 

Wavelength Range: Wavelength Range: 
2600-5000 5000-30000 

Output: Mixer 1 Output: Mixer 1 
(M12 closed) (M12 closed) 

DFDC out DFDC out 
Polarization: H Polarization: H 

Crystal Rotating Axis: H Crystal Rotating Axis: H 

wavelength energy* wavelength energy* 
(nm) (1-LJ) (nm) (J.tJ) 

2600 13.0 5000 7.7 
2800 11.9 6000 7.4. 
3000 12.7 7000 9.0 
3400 12.4 8000 8.7 
3800 8.2 9000 7.8 
4200 5.5 10000 5.4 
4600 6.4 12000 5.0 
5000 5.0 14000 3.6 

16000 2.8 
18000 2.5 
20000 2.3 
22000 2.3 
24000 2.3 
26000 2.3 
28000 2.3 
30000 2.1 

*background energy subtracted 

DFG-difference frequency generation of signal and idler 
DFG measured after ZnSe long pass filter 
H-horizontal 
V-vertical 
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Notes 

All infonnation in this document applies to Microsoft Windows 2000, Microsoft Windows XP Professional 

and Microsoft Windows XP Home operating systems. 

Windows, Visual C++, Visual Basic .NET are registered trademarks of Microsoft Corporation, Lab View is 

registered trademark of Nation Instruments Corporation, MatLAB is registered trademark of The Math Works, 

Inc. All other products and corporate names appearing in this document may or may not be registered or 

copyrights of their respective companies, and are used only for identification or explanation and to the 

owner's benefit, without intent to infringe. 

Infonnation in this manual is believed to be accurate and reliable. However no responsibility is assumed for 

the consequences of its use nor for any infringement of patents or other right of third parties which may result 

from it use. 

Document is subject to change without notice. 

© Light Conversion Ltd 

P/0 Box 1485, Sauletekio av. 10 

L T -10223 Vilnius, Lithuania 

Email: lc@lightcon.com 

Web: http://www.lightcon.com 
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Preface 

"TOP AS" is a series of BBO or LBO crystal based optical ultrashort pulse parametric 

amplifier (OPA or NOPA) equipped with optional frequency converters providing 

generation of pulses continuously tunable over wide wavelength range. 

"TOP AS" operating system consists of VO interface board that is installed in "TOP AS" 

module and Windows compatible software package "WinTOPAS". The main function of 

"WinTOPAS", is the control the hardware when the "TOPAS'' wavelength tuning is 

performed. It also provides the user with number menu options for easy program 

installation, setting of "TOP AS" configuration, access to calibration and service 

procedures. 
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Figure 1. Structure of "TOP AS" system 
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Functional structure of the system is presented in Figure 1. The whole optical system can 

be represented as sequence of wavelength changers (OPA/NOPA, Mixer I , Mixer 2 and 

Mixer3). Pump beam from laser is transformed to signal and idler waves in OPA/NOPA 

module. Mixer 1 uses OP A/NOPA signal or idler waves as input for further wavelength 
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transformations. Additional pump can be supplied to Mixer 1 for sum or difference 

frequency generations. In the same manner Mixer 2 uses output from Mixerl, and Mixer 3 

output from Mixer 2. Every wavelength changing unit has dedicated motors. Up to six 

motors can be implemented in every unit. All motors are connected to "TOP AS" 1/0 board 

and over USB bus are controlled from "WinTOPAS" application. When asked for a new 

wavelength value, "WinTOPAS" finds all possibilities to set a new wavelength value, and, 

if possible, calculates positions of motors accordingly to formulas or tables of positions 

(saved in tuning files) and drives motors to new positions. 

Single software package provides parallel operation of up to four 1/0 boards and every 

from them can drive up to 12 stepper motors installed in several units of frequency 

conversion and element positioning "WinTOPAS" has an intuitive graphical user interface 

that makes the control of "TOP AS" systems simple and straightforward. Being the fourth 

generation of software for computer controlled optical parametrical generators 

"Win TOP AS" is built and designed to meet the demands of researchers working in the 

fields of nonlinear optics, spectroscopy, biomedicine, etc. 

This Start Guide provides the user with information on "WinTOPAS" main features and 

installation, and contains an overview of "TOP AS" system settings and control options 

accessible from control computer screen. In the last chapter a description of basic 

"Win TOP AS" operating procedures are presented. 
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1. System requirements 

System requirements for operation of"WinTOPAS" are following: 

• Computer with Pentium II or better processor, 

• 64 Mbytes RAM (256 Mbytes recommended), 

• 15 Mbytes on hard disk, 

• SVGA color adapter (16-bits or more colors depth recommended), 

• USB 1.1 or USB2 port, 

• Windows 2000, Windows XP Professional, Windows XP Home Edition or 

Windows XP 64-bits edition. 

2. General features 

The list below describes the general features of"WinTOPAS". 

• Fully computer controlled wavelength tuning in whole range from 180 nm to 20 

~m. 

• Four "TOP AS" devices can be operated simultaneously. 

• Every device contains OP A/NOP A unit and up to three sequentially connected 

m1xers. 

• Support for "TOP AS" USB and legacy LPT interface cards. 

• Up to 12 motors controlled with one interface card and up to 4 cards can be 

connected simultaneously. 

• 32-bits application for Microsoft Windows compatible with Windows 2000 and 

Windows XP. (Older versions support Windows 98, Windows 95, MS-DOS). 

• "WinTOPAS Software Development Kit" provides simple dll based interface to 

control "TOP AS" devices from external applications. 

• Integrated serial port and TCPIIP network servers allow accepting control 

commands from remote computers via serial cable or local area network. 

• Examples how to control "TOPAS" over TopasAPI functions from LabView, 

MatLab, Visual Basic and Visual C++. 

• Context sensitive HTML help system. 
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3. Device installation 

1. Connect external power supply to the "TOP AS" interface board. 

2. Connect external power supply to the mains. 

3. Install "WinTOPAS" software. "WinTOPAS" is provided as installation CD disk. 

Installation from CD should start automatically. If no, run Setup.exe file. 

Installation process will copy all necessary files ( executables, dynamic link 

libraries, help system and "WinTOPAS SDK") to the default (C:\Program 

Files\WinTOPAS3) or user defined folder and will create shortcuts. 

4. Copy device configuration file "serial_ number.ini" from CD "Configuration files" 

folder to any folder on local computer ("WinTOPAS" default directory is 

recommended). 

5. Connect USB or LPT cable to the "TOP AS" interface board and computer. 

If "TOP AS" is equipped with LPT interface board, driver will be installed automatically 

when "Win TOP AS" will start for the first time. 

If "TOP AS" is equipped with USB interface board, after plugging USB cable to computer 

system will detect a new device and will ask for a driver. 

Welcome to the Found New 
Hardware Wizard 

This wizard help3 you imtall $Oitware for: 

TOPAS USB Interface Board 

., •) If your hardware came with an installation CD 
~ or floppy disk. insert it now. 

What do you want the wizard to do? 

0 !nstall the softw~re automatically [Recommended) 

0!:~<\~H:~.i?.~.:~·Ii.f:i?.L1P..~.~i!.lii.Ii?.~.~-\f9.6JA~.~-~-~~-~-~l 

Click Next to continue. 

Next > j I Cancel 

Figure 2. USB driver installation, step 1 
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Select "Install from a list or specific location (Advanced)" and press "Next" button. 

Windows will ask for path to driver. 

Found New Hardware Wizard 

Please choose your search and installation options. 

0 ~earch for lhe best driver in lhe~e location• 

Ut e the check boxes below lo limit or expand the default cearch, which includel local 
palht and remov~le me<f.a. The be>! driver found will be installed. 

0 s~rch removable medil! (floppy, CD·RDM ... ) 

0 Include lhit IQcalion in I he search: 

~\Prog;~-yi~s\WinTO~S-~river\ __ -~~v] [ Brow:e 

0 Q.on, search. I will choose the driver lo in. tall. 

Choose this option lo i elecl lhe device drive~ from a list. Window• do~ not guar l!ntee thai 
lhe driver you choose wiU be the be~t match for your hardware. 

< Jl.ack I[ Next > j [ Cancel 

Figure 3. USB driver installation, step 2 

Press "Browse" button and select " ... \WinTOPAS 3 \Driver" directory. Press "Next" 

button. System will copy all necessary files. 

Completing the Found New 
Hardware Wizard 

The wizard h~ fini~d in1talling the software for: 

.J TDPAS USB Interface Board 

C6ck Finish lo clo;e the wizard. 

Finish ····1 

Figure 4. USB driver installation, step 3 
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Press "Finish" button to complete installation. Start "WinTOPAS" application to check if 

installation was successful. 

4. Device configuration 

Typically device configuration is performed by authorized service engineer. User has to 

complete this operation only if software is moved to another computer. 

• Select device configuration file/s. 

o Select "Service"->"Access level" menu option and switch access level to 

"advanced user" or "service engineer" (check printed "TOPAS" manual 

version for "advanced user" password). 

o Select "Load/Unload Devices Configurations" option in "Devices" menu. 

Load and Unload Configurations of WinTOPAS Devices [1]~ 

Configuration file for Device I 

I C:\Program Files\WinTOPA53\Demo f iles\demo_usb.ini 

Configuration file for Device 2 

Configuration file for Device 3 

Configuration file for Device 4 

Information 
Every conf1guratiJn file corresponds to one device connected to the computer. 
Each de~ice must haVE' a unique configuration file. 
Configurations must be selected consecut'vely. 

Figure 5. Selecting device configuration file 

I c::~r~~c~:: I Remove 

Select 

Apply Cancel 

o Press button "Select" and browse to device configuration file (typically 

configuration file resides in "/Configuration files" directory on 

Win TOP AS 3 installation CD and must be manually copied to any 

location on computer's hard disc. Configuration file contains all physical 

"TOP AS" system configuration parameters, information about used 

tuning curves and current "TOPAS" state, user's preferences and 

customization settings. Repeat the last step again if more than one 

"TOP AS" system is connected. 
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o Press "Apply" button to load configurations files and to connect to 

"TOP AS" devices. 

• Select tuning curves files. 

o Select "Load/Unload Curves" option in "Curves" menu. 

o Press button "Load" of corresponding tuning curve (OP A/NOPA, Mixer 

I, Mixer II or Mixer III) and browse to tuning curve file. At the bottom 

of "Open" window short summary of currently selected tuning curve is 

displayed. Select the tuning curve and press button "Open" to load it. 

Repeat this procedure for all tuning curves. 

After this reset operation of motors positions must be performed before "Win TOP AS" will 

be ready to use 

Load/Unload Tuning Curves [1]1!8) 

OPA/NOPA tuning curve 

I C:\Program Files\WinTOPAS3\Demo files\demo_fs800_opa.crv 

Mixer I tuning curve 

I C:\Program Files\WinTOPAS3\Demo files\demo_fs800_m1 .crv 

Mixer II tuning curve 

I C:\Program Files\WinTOPA53\Demo flles\demo_fs800_m2.crv 

Mixer III tuning curve 

I C:\Program Files\WinTOPAS3\Demo files\demo_fs800_m3.crv 

Information 

Tuning curves are made-up for paticular unit (OPA, rniver I, etc). 
Unload tuning file 1f m, er is not installed. 

Figure 6. Loading tuning curves 

5. Main application window 

Load Unload 

I c::::Iq~~c:::::U unload 

Load Unload 

Load Unload 

Exit 

By default program is installed to "C:\Program Files\WinTOPAS3" directory. 

WinTOPAS3.exe file runs "TOPAS" control program. Just one "WinTOPAS" application 

can be started on the computer. It can control up to 4 "TOP AS" series devices but only one 

device (called "active") can be accessed at once. If several "TOP AS" devices have to be 

controlled from the same computer use different configuration files for every "TOPAS" 

device. 
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When the program is started, Main application window with Menu bar at the top, Info area 

in the center and the Status line with Toolbar with function keys are displayed. 

: , WinTOPAS 3 · TOP AS 06353 ['J[Qj!8) 
The menu bar contains the 
names of menu options used 
in setting up the "TO PAS". 

Info area displays information 
about wavelengths and 
polarizations currently set on 
"TO PAS". 

Tuning Curves Info" is used 
to display comments stored 
in currently used tuning curves. 

Status line displays current state 
of device. 

Tool bar is used to conytrol "TOP AS" 

~~~!!!!~~!j~~~~~~~w!~~~~~~~~~~~---ae:vJce. 

Figure 7. Main "WinTOPAS" application window 

5.1. Info window 

The "Info" window contains tab control with several pages. 

"Status" page shows you the current status of "TOP AS" operation - wavelengths and 

polarizations of radiation generated by "TOP AS". First line of "Info" window displays the 

wavelength of the signal wave of OP A/NOP A. Second line contains information about 

wavelength of idler wave at the output of OP AINOP A. If frequency mixers are used for the 

pulse generation at the required wavelength, the additional line(s) appear in the "Status" 

page. They contain the information about interaction types used in mixers, wavelengths and 

polarizations of the output pulses. The list of abbreviation for different types of interaction 

is presented in Appendix 1 . 

Wavelength can be displayed m nm or reciprocal centimeters accordingly to selected 

display mode. If position of any motor was changed from program using "Direct access" 

window the message "WAVELENGTH IS NOT SET'' will appear at the top of Info 

window. "Tuning Curve Info" area at the bottom of the page displays description of all 

interactions used to produce output wavelength. These free-form descriptions are stored in 
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tuning curves files and can be edited in "Tuning Curves Properties" window. Descriptions 

for OP A/NOP A and mixers are separated with dashed lines. 

Sig 1430.00 nm (H) 

ldl 1815.87 nm (V) 

SH-Sig 715.GO nm C-i) 

unin urves Info - - -. - - - -- - - • -

Info about OPA tunmg curve (Signal) "-
··------------------------------------------

. . . v 

... -
Figure 8. "Status" window 

"Tuning ranges" page contains graphical representation of "TOPAS" tuning ranges 

provided by installed tuning curves. Every installed interaction type is displayed as colored 

box on the wavelength axe. Vertical or horizontal lines inside every box stand for the 

polarization of output wave. White horizontal dashed lines separate OP A/NOPA and 

mixers tuning curves. 

Figure 9. "Tuning ranges" window 
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5.2. Status line 

The Status line displays current status of active device. 

Figure 10. "TOP AS" status line 

The first section of Status line displays type of interface board. 

Message 

USB interface board 

LPT interface board 

Table 1 

Explanation 

Currently selected device is equipped with USB interface 

board. 

Currently selected device is equipped with LPT interface 

board. 

If USB board is connected, the second section displays warnings about interface board 

power failure and short connections in stepper motor circuits. 

Message 

5V voltage failure ! 

24V voltage failure ! 

Table 2 

Explanation 

USB interface board detected that 5V power supply voltage 

is out of range. 

USB interface board detected that 24V power supply 

voltage is out of range. 

USB interface board detected that 5V and 24V power 
5V and 24V voltages failure! 

supply voltages are out of range. 

If USB board is connected, the third section displays current state of shutter and board flash 

memory status. 

Message 

Shutter opened ! 

Shutter closed ! 

. . . Flash empty 

Explanation 

"TOP AS" device input shutter is opened. 

Table 3 

"TOPAS" device input shutter is closed and no radiation is 

inside the "TOP AS" . 

Flash memory on USB interface card contains no data about 
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last device state. Typically this message can be displayed 

after first powering of the interface board and disappears 

after restarting "WinTOPAS" program ("WinTOPAS" saves 

device state to flash on exit.) 

... Not synchronized with PC 

Device data stored in USB interface board differs from data 

stored in computers memory. This message can be shortly 

displayed after connecting to "TOP AS" devices and before 

data is transferred to interface board. 

5.3. Menu bar 

The menu bar contains the names of menu items for setting up the "TOP AS", measuring or 

correcting tuning curves, sending commands. The access to menu option selections depends 

on currently selected access level (see Appendix 2 for more information about 

"WinTOPAS" access levels). Some menu options won't be displayed if appropriate access 

level is not selected. "Service engineer level" must be switched on to gain full access to all 

menu options. 

• Devices 

o Load/Unload Devices Configurations 

Opens the window to load and unload configuration files to connect or 

disconnect "TOP AS" devices. Up to 4 different "TOP AS" series devices can 

be connected simultaneously. 

o Save Configuration 

Saves current parameters of "active" "TOP AS" device to configuration file. 

o Save Configuration As 

Saves current parameters of "active" "TOP AS" device to a new 

configuration file prompting user for a new file name. 

o Save All Configurations 

Saves current parameters of all connected "TOP AS" devices. 

o Exit WinTOPAS 3 

Saves current parameters of all connected "TOP AS" devices and closes 

application. 

• Curves 

14 
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o Load/Unload Curves 

Opens the window to load and unload tuning curves for "active" "TOP AS" 

device. After tuning curves are loaded program tries to locate license for 

every interaction type. If license for particular interaction type is not located 

in device configuration file, the tuning curve corresponding to that 

interaction is removed from memory. See Appendix 3 for more details about 

licensing in "WinTOPAS". 

o Priorities 

Calls the window that give a possibility to select between "Interactive" and 

"Priority" modes of program and modify the priority of interaction types. 

When setting the new wavelength the program browse the tuning files 

looking for the required wavelength recorded in files. When tuning ranges 

for different types of interaction overlap "TOP AS" can produce radiation 

with required wavelength in more than one way. In this case the program 

chooses the foremost opportunity in priority list, if "Priority mode" is 

selected, or allows user to make the choice through the dialog box, if 

"Interactive mode" is selected. 

o Curves Properties 

Displays the window with properties of loaded tuning curves (interaction 

types, tuning ranges, offsets, pump wavelengths, polarizations). 

o Offsets 

OPA/NOPA Offsets 

Shows OP A/NOPA calibration dialog. 

Mixer I Offsets 

Shows mixer I calibration dialog. 

Mixer II Offsets 

Shows mixer II calibration dialog. 

Mixer III Offsets 

Shows mixer III calibration dialog. 

o Create Tuning Curve 

Calls series of windows that serve as a guide when measuring the tuning 

curves for OP A/NOP A and mixers. 

• Motors 

15 
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o Direct Access 

Calls the "Direct access" window. This window allows for direct control of 

all stepper motors used in "TOP AS" system. 

o Motors Properties 

Displays the window with properties of installed motors. All parameters are 

read only in "user" and "advanced user" access levels. 

• Options 

o Windows 

External commands window 

Displays window to display commands received by "WinTOPAS" 

via COM port or via TCPIIP network. 

o Preferences 

Opens window with global options of"WinTOPAS" (wavelength or wave 

number display mode, wavelength step, shutter, backlash compensation and 

external commands servers options). 

o Customize 

Calls "Customize" window to change info window colors and font. 

• Service 

o Access Level 

Opens "Access Level" selection dialog to switch to different access level 

(see Appendix 2 for more information about "WinTOPAS" access levels). 

o Installlicenses 

Opens "Install licenses" window. See Appendix 3 for more details about 

licensing in "WinTOPAS". 

o Testing workbench 

Utility program used to test "TOP AS" mechanical modules. 

o USB Board Diagnostics 

Active only when USB interface board is connected. Displays diagnostics 

window used to troubleshoot hardware problems. 

o Expo module 

Module used to program sequences of wavelength changing operations. 

• Help 

o Contents 

Shows contents of"WinTOPAS" help file. 
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o About Win TO PAS 3 

Presents the information on current "WinTOPAS" program version and 

contacts with program producers. 

5.4. Toolbar 

The output wavelength of"TOPAS" can be changed 
by typing the required wavelength in this field and 
pressing Enter key. 

Shows path to configuration 
file of active "TOP AS" device 

Shows current output Press to decrease output 
wavelength by step va 
defined in "'Options"-: 

Press to increase output 
wavelength by step value 
defined in "Options"-: 

of active "TOP AS" system 

"Preferences" window 

Select" 
"TOP AS" device 

ferences" window 

Opens or 
'TOPAS" shutter 

Calls "Direct Access" 
to control stepper motors 

Saves current n~r~mi>ot"'r< 

of a ll connected "TOP AS" 
devices and closes application. 

Figure 11. "WinTOPAS" main window toolbar 
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6. Basic operations 

The complete "TOP AS" system configuration is set up by service personnel during initial 

system installation. For daily operation just few procedures usually are required to be 

performed by user when setting up the required wavelength(s) of"TOPAS" system output. 

6.1. Starting the program 

• Connect the 24V DC power supply cable to "DC/24V" socket located on the front 

panel ofl/0 interface board (s). 

On the regular usage of system it is recommended to keep 

"TOPAS" system powered permanently thus avoiding the need of 

motors position recalibration. 

• Run "WinTopas3.exe" file or the corresponding icon on the desktop of control 

computer. The Main application window with Menu bar at the top, Info window 

in the center, Status line and Toolbar will be displayed (see Chapter 5 "Main 

application window"). The system configuration and the settings are restored from 

current "TOP AS" configuration file, which is updated every time you exit the 

program. 

• Select the "active" device by clicking the proper icon on the Toolbar of Main 

application window. 

Important note: If power for interface board was switched off between software working 

sessions, you should run the stepper motor reset procedure. The procedure should 

performed also in case when computer controlled stages were adjusted manually during or 

in between of working sessions. 

6.2. Reset of stepper motors 

The values of "TOP AS" system output wavelengths as well as energy and radiation space­

time quality characteristics rely on orientation and positions of optical elements which are 

installed on the rotation/translation stages of "TOP AS". These stages are driven by 
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computer controlled stepper motors, and their positions are loaded from the tuning file(s) 

when setting "TOP AS" operation at the defined wavelength. The motor reset procedure 

relates the true position of motor to the numerical motor position that is controlled by 

software. 

Reset the stepper motors every time, if the knobs of the OP A/NOPA, mixers or 

other optional units were operated manually. Also perform reset after 

"TOPAS" control program fail due to any reason or power for "TOPAS" 

system devices were turned off. 

To reset stepper motors: 

• Select "Direct access" option from "Motors" menu. The "Direct access" window 

will appear. 

Crystal 

~ _j __uj s±J 33330 steps Move Properties 

0.000 45.005 12.500 deg Reset 
(II .fj 

Figure 12. Reset of stepper motors 

• Press "Reset" buttons of the motors which you are going to reset. The motor moves 

the stage to the minimum position. After activating of stage end-switch the program 

relates minimum mechanical stage position to "zero" numerical position. Finally the 

stage will be moved to initial numerical position. 

• Repeat the reset procedure for the other motors if needed. 

You can reset all the motors by clicking the button "Reset all" located at the left bottom 

comer of the window. 

When reset procedure is finished set the desired device output wavelength from the Main 

application window. 

6.3. Setting the output wavelength 

The tuning range of each "TO PAS" system device is determined by the set of tuning curves 

included in the device configuration file. By clicking the "Tuning ranges" option of Info 

window you can activate the "Tuning ranges" page that contains graphical representation 

of "TOP AS" subunits tuning range provided by current configuration of the device. More 
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detailed information in numerical format on "TOP AS" tuning can be accessed through 

"Curves Properties" option of "Curves" menu. 

When setting the required wavelength you can express it both m nanometers (run) and 

wave numbers (cm-1
). 

• Select the option "Preferences" from the "Options" menu. The new window 

"Preferences" will appear. 

• Select a desirable format (in "nm" or in "cm-1
") for wavelength setting. In the same 

window you can set the number of significant digits with which the wavelength is 

expressed. 

Preferences !1]~ 
Wavelength display 

(•· P.i.S.!J.!~Y..~.~.Y..~i-~.6.9..tFI6~'2l Precision (digits after comma) 

r Display wavenumber (1/cm) 

If wavenumber check bo· is selected wavelength step will be me.osured in r~ciprocal 
centimetres too. 

Wavelength step Shutter 

Enter wavelength step value used to increase/ 
decrease output wavelength with arrow buttons 

P' Shutter is installed on TOP AS dev1ce 

10 nm 

Backlash 

I Use backlash compensation 

r 
r 

Number of steps for backlash compensation 

steps 

Backlash compensation is a mechanical compensation of difference in positioner lc•catlon when the stepper 
motor reaches the destination position frorn the left or right side. 

Serial port server TCP(IP network server 

r Enable command server on COM port ) Enable command server on TCP(IP port 

COM port number TCP port number 

COM port speed OOJ 

OK Cancel 

Figure 13. Preferences window 

"TOP AS" output wavelength is set using the input field named "Wavelength, run"( or 

"Wavenumber, cm-1
"), that is located on the left side of the Toolbar of Main application 

window. 
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• Type the required wavelength in the field and press "Enter". The new window with 

a progress bar will appear displaying the status of procedure execution. When the 

wavelength is set the information on wavelength and polarization of radiation 

produced by all device subunits involved in setting of required output wavelength 

will be displayed in the Info window. 

The output wavelength can be changed by fixed value clicking or buttons 

located on the both sides of the wavelength input field. The value of the wavelength shift is 

set using option "Preferences" from the "Options" menu. 

It could be the "conflict" situation when the certain wavelength of output radiation can be 

obtained using different interaction types, i.e. the tuning curves for different subunits 

overlap in certain range of wavelengths. For solving of theses cases "Win TOP AS" provides 

the user with two operation modes for setting of interaction type priorities. 

• Select the "Priorities" option from "Curves" menu. You will be presented with 

window "Set priorities for interaction types" 

Set Priorities for Interaction Types 12]~ 

If some combinations of interactions overlap: 

r. ~.~r~·~.~.r::~6!~F:~.?..~.~!.~~.~i.?..6.·.·§·r!~~·~·~·~·~·~·{§·6·~:.·~·~·.~.~·~.1.r.6.~.~.r.~.~·~·i·~·~:.~.?..~.~)J 
r Use priorities defined in table (Priority mode) 

I..L_ Idl A - - -- ----
2 SH-Siq - Up 

3 SF-Siq _ 
·- ---~ ------ Down 

' 4 SF-Idl 

2 _ Siq ___ -- -- - - - --·-
.6 SH-Idl 

7 SH-SH-Siq v 
-

If "Interactive Mode" is switched on, "Select Interaction Type" dialog will be displayed 
every time when more than one possibility to set wavelength will be found , 

Select "Priority Mode" to use predefined by user inter actions priority order and disable a 
selection dialog. 

OK Cancel 

Figure 14. Priority mode selection dialog 

• Select the "Interactive mode" or "Priority mode" by checking the corresponding 

field. 

21 



"WinTOPAS" version 3.x Start Guide ver. 1.00 

When working in the "Interactive mode" every time when more than one possibility to set 

the required wavelength occur the user will be asked to choose the preferable interaction 

type from the list that will be presented in the "set interaction type" dialog box. 

When working in the "Priority mode" the program will choose automatically the needed 

interaction type from the user predefined priority list. This list is presented in the window 

"Set priorities for interaction types". You can modify the priority order by selecting the 

certain interaction type and clicking the buttons "Up" or "Down". 
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Appendix 1 

Sig 

ldl 
I 

Abbreviations used in "WinTOPAS" 

Signal wave 

Idler wave 
SH ------ :· ·-- --- ... --

Second harmonic 
--- -- t. 

SF 

DF, DFl , DF2 
- -----

DFP . 

Sum frequency with additional pump 

Difference frequency of signal and idler waves 

Difference frequency of pump and idler waves 

ver. 1.00 

Table 4 

Every combination of interaction types m "TOPAS" devices is described as line of 

abbreviations. Interactions in different units (OP A/NOPA, mixer I, II, and III) are separated 

with symbol "-". For example: 

SH-Sig (second harmonic of signal wave) (mixer I generates second harmonic of signal 

wave from OPA output), 

SF-SH-Idl (sum frequency of second harmonic of idler wave) (mixer II generates sum 

frequency of additional pump and output from mixer I, mixer I generates second harmonic 

of idler wave from OPA output), etc. 
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Appendix 2 

"WinTOPAS" access levels 

To protect sensitive device related information there is three access levels introduced in 

"Win TOP AS": 

• user level, 

• advanced user level, 

• service engineer level. 

Access level can be changed from the main program menu ("Service"->" Access level"). 

Two higher access levels are password protected. Summary of right is presented in table 

bellow. 

Table 5. Summary of user rights 
T 

Advanced 
Operation User 

user 

Change wavelength yes yes 

Switch between TOP AS devices yes yes 

Move and reset motors ·yes yes 
- - - -- -

Load/ unload device configuration files inO yes 

Save configuration files yes yes 
··-··I----

Load/ unload tuning files for selected 

device 
yes yes 

Change priority order of interaction types yes yes yes 

Change parameters of tuning curves !no yes yes 
- ..J 

Calibrate tuning curves no yes yes 

Measure new tuning curves no yes yes 

Install licenses for interaction types yes yes yes 

Change motors parameters no no yes 
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Appendix 3 

"Win TOP AS" licensing model 

"Win TO PAS" ver.3.x introduces licensing for using different combinations of interactions. 

Every license is issued for particular "TOP AS" device (accordingly to it's serial number) 

and for particular combination of interactions used in OPA/NOPA and mixers. For example 

there will be different licenses for interactions combinations Sig, SH-Sig, SF-SH-Idl, etc. 

License is represented by string of 16 hexadecimal symbols and can be preinstalled with 

"WinTOPAS" software or bought and installed later by user. To install a new license: 

• Open "Install Licenses" dialog (menu option "Service"->"Install Licenses"), 

• Copy license string to edit box, 

• Press "Install" button. 

Check if a new license appeared in "Installed licenses" list. 

Licenses are checked when tuning curves are loaded. Software try to locate license in 

device configuration file for every interaction type loaded from tuning curve file. 

Interaction is deleted from memory if there is no license found. 
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Device configuration file 

License 1 

License 2 

License .. 

Load Tumng Curve fi le 

Check1fth~ 
1s license for 

combmat1on A 
? 

Yes 

Figure 15. "WinTOPAS" license model 

ver. 1.00 

Tuning curve file 

Combination of interactions A 

Combination of interactions B 

Combination of interactions 

Unload Comb1nat1on A 

Unload Combination B 
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Date (data)_14 / _03 I _03 
DD MM YY 

Service Report No. _DP-118 
,r»J~SVIESOS 
~KONVERSIJA 

(Atliktq darbq aktas Nr.) 

LIGHT CONVERSION Ltd., P.O. Box.1485 LT-2040 Vilnius, Lithuania 
UZDAROJI AKCINE BENDROVE MGF "Sviesos Konversija" 
Tel:+370 5 2491830, Fax:+370 5 2698723 

Customer (uzsakovas) 

Name (organizacija): National High Magnetic Field Laboratory, Flolida SU 

Address (adresas): 1800 E. Paul Dirac Dr. Tallahassee, FL 32310-3706 

Contact person (kontakt. asmuo) Dr. Young-Dahl Cho 

Tel: 850-645-3265 Fax: E-mail: ydjho@magnet.fsu.edu 

System (objektas) 

Model: Topas 

8044 

Ser. No: 02236 

.12] Installation (instaliacija) D Warranty (garantinis) D Non warranty (pogarantinis) 

Service Instalied Topas-02236 - SH/SF + 4H + DF1/DF2 
(Darbai) 

Pump: Clark-MXR CPA-2001. ETopas=740 j..lJ, 't-150 fs, "A=775.6 nm, f=1 kHz. Tilt of pump pulses: 
hmizontal - 30 j..lm per 5 mm beam, vertical - -80 jlm! 5 mm. Tilt of pulses is not removable due to 
construction of compressor of CPA-2001 (roof prism H and V retroreflectors). 
Topas energies at signal wavelength (s&i, j..lJ @ nm): 130 @ 1100, 197 @ 1200, 207 @ 1300, 203 @ 
1400, 201 @ 1500, 220 @ 1550 
SHI energies: 57.9 @ 780, 50.7 @ 800, 33.3 @ 900, 20.8 @ 1000, 8.7 @ 1100 

SHS: 37 @ 550, 68.7 @ 600, 67 @ 650, 60 @ 700, 60 @ 750, 58 @ 775 

SF: 76.5 @ 455, 110 @ 465, 83 @ 490, 74 @ 515, 40.7 @ 520, 39 @ 530, 38 @ 550, 54 @ 570 

4HI: 20.5 @ 390, 15.5 @ 410, 13.2 @ 430, 10.4 @ 450, 7 @ 470 

4HS: 5.5 @ 275, 18.3 @ 290, 22.1 @ 310, 18.8 @ 330, 16.5 @ 350, 18.1 @ 370, 17.6 @ 387.5 

SHSF: 5.7@ 227.5, 12.3@ 235, 11.1 @ 245,9.1@ 255,2.64@ 265,2.4@ 275, 3.75@ 285 

DF1 (AgGaS2), j..lJ @ nm: 5.6 @ 4, 3.8 @ 5, 2.13 @ 7, 1.74@ 9, 1.48 @ 10, 1.27 @ 11, 0.99 @ 12 

DF2 (GaSe): 5.05 @ 4.5, 2.42 @ 8, 1.79 @ 10, 1.52@ 12, 1.3 @ 14, 1.06 @ 16, 0.85 @ 18, 0.61@ 20 

Measured tuning curves: 774.crv, shi774.crv, shs774.crv, sn74.crv, 4hi774.crv, 4hs774.crv, 
shsn74.crv, df1774.crv, df2774.crv 

P.S. Full list of output energies attached in appendix to service report. 

Labour (Darbq trukrne) 40 hrs. (val.) 

Payment of service according invoice D Yes (taip) gJ No (ne) 
(Apmokejimas pagal sctskaitct) L'_ 

Field engineer (vykdytojas) Customer (uzsakovas) fcJc.m;- Pall~ 
Physicist (fizikas) Donatas Podenas 

C;00 
Position, name,~gnature • • •.f., ,'l.::[ J ~ ·--~....: ,,.,...} 

Posrtton, name, surname, srgnature 
(pareigos, vardas, pavarde, parasas) (pareigos, vardas, pavarde, paras as) 
Date (data) 14/03/03 Date (data) D>,'tY(cl 



Appendix to Service Report No _DP-118_( 6 pages) 

TOPAS OUTPUT ENERGIES vs OUTPUT WAVELENGTH 
System: TOPAS -SH/SF + 4H + DF1/DF2 

Serial No: 02236 

PUMP PARAMETERS: 

Pump source: _Ciark-MXR CPA-2001 

Pump energy: _0.774 mJ 

Wavelength: _775.6 nm 

Pulse width (FWHM): _ -150 .fs . Tilt: V- 80 um/5 mm, H- 30 um/5 mm 

Bandwidth (FWHM): ·.5.5 nm7 

1. S+l, crystal #1----

Tuning curve: 774.crv 

Wavelength range: 
11 00-2620 nm 

Polarization: S- V, 1- H 

Output from: TOPAS 

M12 closed 

S wavelength, 
nm 

1100 

1120 

11440 

1160 

1180 

1200 

1220 

1240 

1260 

1280 

1300 

1320 

1340 

S- signal 
1- idler 

S+l 
Energy, J.LJ 

130 

159 

181 

189 

190 

197 

203 

208 

211 

210 

207 

207 

204 

V- vertical 

1. S+l, crystal #1 

(continued) 

S wavelength, S+l 
nm Energy, J.LJ 

1360 201 

1380 203 

1400 203 

1420 208 

1440 209 

1460 208 

1480 202 

1500 201 

1520 211 

1540 212 

1550 220 



2. SHI, crystal #2 3. SHS, crystal #2 

Tuning curve: SHI774.crv Tuning curve: SHS774.crv 

Wavelength range: Wavelength range: 
776.3-11 00 nm 550-775 nm 

Output from: Mixer I Output from: Mixer I 

Crystal rot. axis: H Crystal rot. axis: V 

Polarization: V Polarization: H 

M12 closed M12 closed 

wavelength, nm Energy, ~-tJ wavelength, nm Energy, ~-tJ 

776.3 59.5 550 37 

780 57.9 560 49 

790 53.5 570 60 

800 50.7 580 67.5 

820 47.7 590 68.5 

840 46 600 68.7 

860 41 .2 610 72.5 

880 37 620 73 

900 33.3 630 70 

920 29.6 640 70 

940 26.7 650 67 

960 25.5 660 66 

980 23.5 670 66 

1000 20.8 680 63 

1020 18.3 690 62 

1040 15.4 700 60 

1060 12.9 720 62 

1080 11 .3 740 61 

1100 8.7 760 61 

770 61 

775 58 

SHI measured after _WS(730-930), WS(920-1150) 

SHS measured after _WS(450-650) , WS(630-750) , WS(730-930) 
SH I- second harmonic of idler SHS- second harmonic of signal 
WS- wavelength separator 
H-horizontal 
V-vertical 



4. SFI, crystal #2 5. SFS, crystal #3 

Tuning curve: SF744.crv Tuning curve: SF774.crv 

Wavelength range: Wavelength range: 
517.201-570 nm 455-516.933 nm 

Output from: Mixer I Output from: Mixer I 

Crystal rot. axis: H Crystal rot. axis: H 

Polarization: V Polarization: V 

M12 opened M12 opened 

wavelength, nm Energy, ~J wavelength, nm Energy, ~J 

520 40.7 455 76.5 

525 35 460 95 

530 39 465 110 

535 38.7 470 105 

540 39 475 102 

545 37 480 94 

550 38 490 83 

555 39 500 78 

560 42 510 69 

570 54 516.93 73 

SFI measured after WS(450-650) 

SFS measured after WS(380-480), WS (450-650) 

SFI- sum frequency of Pump and idler 
SFS- sum frequency of pump and signal 
WS- wavelength separator 

H-horizontal 
V-vertical 



6. FHI, crystal #5 7. FHS, crystal #5 

Tuning curve: 4HI744.crv Tuning curve: 4HS744.crv 

Wavelength range: Wavelength range: 
388.2-470 nm 275-387.5 nm 

Output from: Mixer II Output from: Mixer II 

Crystal rot. axis: V Crystal rot. axis: H 

Polarization: H Polarization: V 

M12 closed M12 closed 

wavelength , nm Energy, ).!J wavelength, nm Energy, ).!J 

390 20.5 275 5.5 

400 16 280 10.1 

410 15.5 290 18.3 

420 15 300 18.9 

430 13.2 310 22.1 

440 11.5 320 21 .2 

450 10.4 330 18.8 

460 8.6 340 18.1 

470 7 350 16.5 

360 17.8 

370 18.1 

380 17.4 

387.5 17.6 

FHI measured after WS(380-480) 

FHS measured after WS(230-300), WS(300-380) , WS(380-480) 

FHI- fourth harmonic of idler 
FHS- fourth harmonic of signal 
WS- wavelength separator 

H-horizontal 
V-vertical 



8. SH(SFI), crystal #6 

Tuning curve:SHSF774.crv 

Wavelength range: 
258.601-285 nm 

Output from: Mixer II 

Crystal rot. axis: V 

Polarization: H 

M12 opened 

wavelength, nm Energy, ~-tJ 

258.601 3.1 

260 2.8 

262.5 2.4 

265 2.64 

267.5 2.56 

270 2.58 

272.5 2.33 

275 2.4 

277.5 2.47 

280 2.67 

282.5 3.15 

285 3.75 

SH(SFI) measured after FS prism 
SH(SFS) measured after FS prism 

9. SH(SFS), crystal #6 

Tuning curve:SHSF774.crv 

Wavelength range: 
227.5-258.446 nm 

Output from: Mixer II 

Crystal rot. axis: V 

Polarization: H 

M12 opened 

wavelength, nm Energy, ~-tJ 

227.5 5.7 

230 7.6 

232.5 11 .5 

235 12.3 

237.5 12.8 

240 12.4 

242.5 11.8 

245 11 .1 

247.5 10.2 

250 10.3 

252.5 10.3 

255 9.1 

257.5 9.2 
258.466 9 

SH(SFI)- second harmonic of sum frequency of idler and pump 
SH(SFS)- second harmonic of sum frequency of signal and pump 

WS- wavelength separator /11 
H-horizontal 
V-vertical 

) 0 

_..., c-' \, 
r , J ,.._ ! 
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10. DFG1, crystal #8 

Tuning curve: DF1774.crv 

Wavelength range: 
2600-13000 nm 

Output from: Mixer 1 

Crystal rot. axis: H 

Polarization: H 

M12 closed 

wavelength, nm Energy, J.LJ 

2600 6.8 

3000 8.1 

3400 6.8 

3800 6.4 

4200 4.6 

4600 4.8 

5000 3.8 

6000 2.56 

7000 2.13 

8000 2.22 

9000 1.74 

10000 1.48 

11000 1.27 

12000 0.99 

13000 0.64 

DFG1 measured after ZnSe Mid-IR filter 

DFG2 measured after ZnSe Mid-IR filter 

11. DFG2, crystal #9 

Tuning curve: DF2774.crv 

Wavelength range: 
4500-26000 nm 

Output from: Mixer 1 

Crystal rot. axis: H 

Polarization: H 

M12 closed 

wavelength, nm Energy, J.LJ 

4500 5.05 

5000 4.3 

7500 2.38 

9000 2.03 

10000 1.79 

12000 1.52 

14000 1.3 

16000 1.06 

18000 0.85 

20000 0.61 

22000 0.43 

24000 0.29 

26000 0.2 

DFG- difference frequency mixing of Topas signal and idler 

H-horizontal 

V-vertical 
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TOP AS 4/800 ALIGNMENT GUIDE 

Int:rodu.ct:ion 

This guide is aimed to enhance the TOP~S user's manual by providing the user with 

alignment instructions specific for TOPAS4/800 (5-pass TOP AS version pumped by the 

fudamental harmonic of a pico/femto Ti:sapphire amplifire). It assumes that the TOPAS 

has been installed by a service engineer approved by the manufacture. It also assumes that 

the user knows the basics of optical parametric amplification and has medium to high level 

of experience in the field of experimental ultrashort-pulse laser optics. 

Part I of this guide gives the main procedures required for usual day-by-day operation of 

the TOP AS. Part II describes the TOP AS setup and gives a detailed picture of how the 

TOP AS alignment should look-like in order for the device to function properly. Part Ill 

covers TOP AS diagnostics and realignment procedures in case Part I procedures cannot 

restore the specified or usual TOP AS output. Please, read Part II before proceeding with 

Part III. Finally, Part IV describes the TOPAS recalibration procedure that may be .... 
required after the realignment has been done. 

Note 1: If you are in doubt of any action or procedure described here please contact our 
. service team for more advice before acting on TOP AS. 

Note 2: The user is kept responsible for any damaged to TOP AS optics or/and mechanics, 
which occurred during the TOP AS alignment by the user. 

We would like to thank our TOP AS user Daniel-Steve Fournier from University of 
Toronto, who compiled ''TOP AS FINE ALIGNMENT PROCEDURE", which was used as 
a basis of this guide. 

TOP AS service team: 

Alignment and calibration: 
Donatas Podenas donatas@1lightcon.com 
Gediminas V eitas g:ediminas@.lightcon.com 

Software and electronics: 
Darius Mikalauskas dari us@li !!htcon. com 



I. Day-by-Day TOPAS alignment 

1. Warm-up the TOPAS pump laser and do day by day checking/ adjustment 

procedures recommended by the laser manufacture. Check the TOP AS input energy 

to correspond the specified! usual value. 

2. Start the TOPAS software WINTOPAS and tune the TOPAS to a checkpoint 

wavelength(s). Check the TOPAS output energy at that (those) wavelength(s) to 

correspond the specified/ usual value. 

4. 

5. 

6. 

. 7. 

~ ')~<:j Y'"'w 
If the TOPAS output energy at checkpoint wavelength(s) is lower the specified/ 

usual values with good input energy, check the Signal+ Idler (S+I) energy with no 

·mixing crystals involved to correspond specified/ usual values. ___ _ 

If S+I output is OK, res~t a. l\1_i~~I(s), which_pro_dJ!ced lower omP.ut,_Me.asure.a..new 
. ------
Mixer offset if needed. 

If S+I output is low, try to restore the output energy by fme adjustment of the pump 

beam steering mirror closest to the TOP AS input. 

If S+I output is low after the fine adjustment of the input mirror, reset the TOP AS 

t L 
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If all above does not help to get specified/ usual TOP AS output, proceed to the 

TOP AS diagnostics and realignment section (Part III), which will help you to detect 

and fix the problem. Part II is recommended to read before starting with part III. 
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II. Understanding the TOPAS 

At this stage, we want to give a detailed feeling to the reader about what's going on at 

each stage of the TOP AS. An alignment procedure will follow at the next section. 

First, second and third passes: the seed beam 

TOP VIEW 
3rd part of the 

:· .. ... . ....... . . . .. : CL 1 A2 pump beam 
852 851 A1 PUMP 

~ / ~
1

-::-l\- ·.:.-=·:.=...:.-L·---~r---- .. / --~ - 7 r-1 : ~ -: . I --.:--- . ··---~-· --~---",--
. ' . 
: . : / 

) j ( 2nd part of t~e '<'~ 1 ~~-part of the 
; 1 ; pump beam \)~~) pump beam 

~ L2 ; \ ~ ~~ (, ~ 
. . 

> :~· . li- ; NC MS CL2 DG(RM) 
CM~: 11 : 

~~~--l:=: -~-:i-=--.. =0== -·D-B-·:-= -=--~~=-1 L : t.l .. M2 : I v 
. ~/ . . . 
· . .... . ····· ··· · ·· ··· CM1 

SIDE VIEW 
M7 M2 

Fig. I: Top view and side view layout of the first, second and third passes beam paths inside the 
TOP AS. 

1. The pump beam is split into three components upon entering the TOP AS. The first 

two are going to be used for the fourth and fifth passes (amplification). The third .....____ --. 
component is the light that passes through BSl and BS2 to be reflected by the main 

assembly towards the nonlinear crystal (NC) and is referred as~ the first ;;:;Jthat 

generates parametric superfluorescence (SFL) or seed light inside the TOPAS. This 

latter component of the light will do in total three passes in the NC, which they will 

be called respectively the first, second and third passes. l-3rd passes use both 

spherical (Ll, L2) and cylindrical (CLl, CL2, CMl, CM2) optics to shape the beam, 

thus it is normal that the beams have no spherical symmetry in the 1-3rd passes. 
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2. The first pass goes from the lower edge of M2 to the upper part of CMl . That first 

pass is pumping the NC in order to produce SFL. 

3. The second pass is the backward reflection from CMl , through the NC, up to CM2. 

This second pass amplifies the collinear components of SFL produced in the first 

pass. 

4. The third pass is the reflection from CM2 through the NC to the diffraction grating 

(DG). The third pass passes just above CMl to that it can reach the DG. The third 

pass amplifies the second pass output. The first three passes do not overlap in space 

but are in the same vertical ~lane. At CMl, the 3rd pass should be right above the 1st 

pass and the 2nd pass must be in the same phase-matching plane as the first one 

(remember, the second pass beam spot is visible only before CM2 or before the main 

assembly if one keeps a paper-card low enough not to block the first pass). 

5. TOP AS pumped by - 800nm light generates IR wavelengths (signal and idler) in the 

range of -1.1-3um, which is not visible to human eye, however same IR wavelengths 

get mixed with the pump in the same NC and produce week visible output. Thus one 

can see a visible beam (e.g. green when signal is set to- 1500 nm or reddish when 

signal is set to - 1200 nm) on top of the pump starting from the second pass (the first 

pass is usually to wee)< to be seen). The visible light follows approximately the same 

path as the true signal and ilder beams and can be used as guidance in TOP AS 

alignment and as an indication of parametric conversion. 

6. Notice that the third pass will pass in the slit before CL2 to ensure a proper 

alignment on the DG. Then, it will hit the center (axis of rotation) of the DG. The 

spectrum of the signal beam will then be diffracted (spread) spatially (ref. fig. 2) 

while reflected back through M5 to the crystal. This will become the fourth pass 

when the second part of the pump will be applied (ref. fig. 1). Idler and the pump 

reflected from the grating will not be used further. 
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Fourth pass: pre-amplification of the seed beam. 

At this point, we basically have a seed beam, relatively weak, with a spectrum that is 

reflected on the crystal. This seed beam will be pre-amplified by the fourth pass 

pump beam. Since the fourth pass pump beam is focused to a smaller beam, only a 

narrower spectrum of the diffracted beam will be amplified. 

Notice that the purpose of the grating is to narrow the spectrum (together with the 4th 

pass, see principle on jig. 2), to separate signal, idler and pump in space and to make 

wavelength tunning easier close to NC absorption band. Notice also that VIS light, seen 

during parametric superjluorescence/amplijication is combination of harmonics and 

sum-frequencies (p+s, p+i, shs, . .. ) non-phase-matched generated in the same NC. 

Pump beam 

Amplified 
frequency v v+t;,.v/2 

~--·--.. 

~~:=~: ~~=~:·:::::~: 

NC 

spectrum t;,.v 

Fig. 2: Scheme showing the principle of the pre-amplification in the fourth pass. The spectrum of 
the seed beam (1-2-3 passes) is spread on the crystal, reflected from the DG. Then, the fourth pass 

pump beam comes to overlap on the crystal, but only on a narrow area, corresponding to a 
narrower bandwidth of the seed beam, depending on the phase matching condition between the 

seed and the pump. 

1. T as1xRss2 of the incoming pump beam is used for the fourth pass. First, it is focused 

by the zoom-telescope (by passing through L3 ', L3 and L4) in order to be able to 

select a narrower bandwidth (BW) and to have enough intensity to amplify the seed. 

This pump beam acts as pre-amplification only, since the energy is low (but intense 

enough due to the small spot on the crystal). Once the fourth pass will have selected 

a BW of the seed by pre-amplification of it, then will come the fifth pass, with higher 

power, bigger beam size, to amplify that BW to the final output power level required. 

2. The fourth pass pump beam then traverses a fused silica plate (GP) that compensates 

for the lateral drift of the first three passes introduced when crystal changes its angle 
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(to ensure that the pump beam hits the mirror M5 always at the same spot as the 

seed). 

· · · · · · · · · tvl1 : CL1 

for monitoring of 
preamplifier operation 

M7 

A2 
I 

TOP VIEW 

L1 BS2 

L3 

M3 A3 L3' 

SIDE VIEW 

M3' 

Fig. 3: Top view and side view layout of the fourth pass light path inside the TO PAS. 

M3 

3. Then, M5 reflects the pump towards the NC. The seed light (signal) reflected from 

the DG goes through M5 to meet the pump at the front surface (the surface 

overlooking the NC) of MS. The DG is mounted on a delay stage so that one could 

adjust the delay between the seed pulse and the pump pulse so that they can overlap 

not only in space, but also in time. This is the(DELA Y 1) adjustment. IU s adjusted 

only when the 4th pass alignment is changed. It must be adjusted at zero order of the 

DG. 

4. Then, the small beam spot hits the NC and amplifies the appropriate WL depending 

on the angle of the DG and of the NC. DG must reflect collinear components of the 

signal, generated/amplified in NC. 
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5. Then, the pre-amplified seed beam goes through M2 where the pump is reflected 

(filters the pump light @ -800nm) and the seed is reflected by M7 (Al focusing 

mirror). Then, the cleaned seed beam goes back ABOVE the crystal, THROUGH 

time delay plate (TD) and ABOVE M5 to hit M8. This time the beam is passing TD 

crystal for separation of signal and idler in time. A bright visible spot is seen in front 

ofTD as an indication ofpreamplifiction in the 4th pass. The spot should disappear if 

either of pump or seed (1-3rd passes) is blocked. Alternatively, two bright visible 

spots can be seen going away from M2 (called "for monitoring of preamp op" in fig 

3). 

Fifth pass: final amplification. 

At this point, we have a seed beam that has been pre-amplified by the fourth pass and 

that the spectrum has been narrowed by use of the diffraction grating spreading in 

combination with the spot size of the pump beam in the fourth pass. This seed will be 

amplified to its final power level in the 5th pass by using most (R8s1) of the incoming 
~ 

pump beam from the pump laser. 

1. R8 s1 of the incoming pump from the laser is used in the fifth pass. The beam is 

collimated to a beam spot size that will have intensity for saturation of amplification 

in the 51
h pass. This is in order to maximize the amplification in the crystal, but yet, 

not to overpump (the beam, pulse and spectrum get distorted) the crystal by having a 

reasonable intensity. 

Notice here that before L5 and L6 that act as telescope objective (collimate the beam), the 

pump beam pass by the mirror Ml 0 mounted on a delay stage. Again, as in the fourth pass, 

this delay (so-called DELAY 2) will be use to overlap in time the seed beam from the first 

four passes with the pump beam of the fifih pass. 

Notice also that from Ml I to the output, the fifih pump beam path should be collinear with 

the fourth pass seed path and both beams must stay in phase-matching plane used in first 

four passes. 

2. Then, both the pump and the seed pass go through the crystal. Because of the high 

intensity, parametric amplification occurs, according to the angle of the crystal. 
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3. Then, the pump beam is blocked at the output (by M12) and the signal and idler 

come out. The mixer I and/or II can be combined to produce SHG of both idler and 

signal, sum-frequency, higher harmonics or difference-frequency. 

TOP VIEW 

.. . .. . .. M1: CL1 A2 
I 

... . ....• NC 
OUTPUT 

M10 

M9" 

M9' 

M2 SIDE VIEW 

~~c!!!!~!!!!!!!!!!!!~!!!!7!!!!!!!!!!!!!!!!!!!!;;;;!!!!•~-D*---J : 
NC M5 tJ Q 

CM1 

: M11 M8 : 

: 8 •• ~: 
~ ' DG(RM) 

CL2 

Fig. 4: Top view and side view layout of the fifth pass light path inside the TO PAS. 
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III. TOP AS diagnostics and alignment 

This procedure contains two major steps. The first step is a verification procedure. 

No optical elements should be touched. This is only a diagnostic procedure. Some 

external mirrors may be tweaked, but NOTHING INSIDE THE TOPAS SHOULD 

BE TOUCHED. 

Diagnostics: pump beam and pulse parameters 

1. Check the pump laser performance and the TOP AS pump beam parameters such as 

energy, pulse duration, beam quality to correspond the specified values. The laser 

power should be approx. W, pulse at _ _ Hz, __ fs duration, beam 

profile . If possible, check the contrast ratio of the 

pump pulse, using a fast photodiode. The contrast ratio should be> 11100 (or 100, 

depending on conventio ):--P~zation for TOP AS must be horizontal. 

/'qA 1 ~ 
' ~OJ\ j-JJ 

Diagnostics: TOP AS optical el ments 

2. If the pump is OK, check the TOP AS optical elements (especially the main BBO 

crystal) for possible damage. 

Diagnostics: TOP AS alignment 

3. If everything is 0 K, check the TOP AS alignment: 

a) Reset all TOP AS motors if not done yet (unnecessary reset is not recommended). Set the 
signal WL to -1300 nm. 

b) (ALL PUMP PASSES BLOCKED) Check that the input beam is centered on the input aperture 
Al. 
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c) Check that the beam in the first three passes and the fourth pass are in one vertical plane. 
To do so, check the third and first passes by placing a card before CMl. By scanning in 
height of the card, one could see the first and third pass alternatively and verify their 
alignment. (FOURTH PUMP PASS UNBLOCKED) The fourth and the first passes could be 
checked by placing a card before the NC (between NC and M5). 

NC 
Fourth pass pump 
spot. 

First pass spot. 

Ct.2 OG(RM) 

Third pass spot, including 
......... ---·--·" superluminescence . 

................. _ First pass spot. 

Fig. 5: Views ofthe beam spot configuration on the card when checkingfor the first, second, third 
and fourth passes. 

d) (4TH, 5TH PASS PUMPS BLOCKED) Check that the third pass beam is just above of the first 
pass beam and goes right through the horizontal slit of CL2 holder. 

e) (4TH, 5TH PASS PUMPS BLOCKED) Check that you get parametric SFL signal after the third 
pass (one should see some visible light on top of the 800 nm light). Look on a white card 
before CL2. SFL (VIS light) must be strong and stable. Notice that SFL is more 
divergent in vertical plane. 

f) (5TH PASS PUMP BLOCKED) Check that you get amplification in the fourth pass (one 
should see two bright visible blue (non-phase matched SH of pump) and green-yellow 
(non-phase matched sum-frequency of pump and SFL) spots going away from the main 
assembly towards Ml 0). Likewise, one could see an intense visible beam (from 
signal&idler sum frequency with the pump) when placed a card before TD (beam 
coming from above NC). 

SHG of the double 
reflection in the 
mirror M2 of the 
fourth pass pump 
l ioht 

M7 

M2 

for monitoring of 
preamplifier operation 

" ... Pre-amplified 
signal beam spot 
reflected from 
M7 above the 
NC towards M8. 

Fig. 6: Views of the beam spot configurations on the card when checking for the pre-amplification 
at the fourth pass. 
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g) (ALL PUMPS UNBLOCKED) Check that the pump beam and the seed beam are collinear in 
the fifth pass. To do so, one could first check if the fifth pass pump overlaps with the 
seed on Mll (place a card in front ofMll, block and unblock alternatively the 51

h pump 
and see if the spots on the card overlap in space. Use goggle at 800 nm to see the SHG of 
the pump, which is weaker and easier to see). Second, one could check the same 
overlapping, but this time, at the output of the TOP AS (open pump blocking mirror Ml2 
or use week SH of the pump). Set signal WL to 1300 nm and use SH generator to 
visualize the signal at the TOP AS output. 

Towards the output 

~ 

Fifth pass pump beam. 

CL2 'DG(RM) . . \ 
The pump beam 
spot overlap with 
the seed beam 
spot 

Fig. 7: Views of the beam spot configurations on the card when checking for the fifth pass 
overlapping with the seed 

Try to restore the alignment by tweaking just the external beam rooting mirrors. If that 

is not possible, refer to the next section that describes more detailed realignment procedure 

.ofthe TOP AS. 

11 



THE SECOND MAJOR STEP IS THE REALIGNMENT PROCEDURE ITSELF. IN THAT CASE, OPTICS 
INSIDE WILL NEED TO BE ADJUSTED AND THEREFORE, A RECALIBRA TION OF THE TOP AS MAYBE 
NECESSARY TO BE PERFORMED. THIS PROCEDURE IS FOR TRAINED PERSONS ONLY AND SHOULD 
REQUIRE A LOT OF ATTENTION AND UNDERSTANDING. 

Realignment: First, Second and Third passes: seed signal 

Align the first three passes using the external mirrors: 

a) Check that the input beam is centered on the input aperture Al and aperture A2. 

Notice that if one touches the input mirror, the aperture AI and A2 should be set so 
that, once the first three passes aligned, the beam passes in the middle (center the 
apertures) of AI and A2. 

b) Check that all three passes are in the same vertical plane. It is convenient to check the 
beam positions at CMl mirror: the beam after the third pass (that goes just above the 
mirror) should be right above the first pass beam (that strikes the top edge of CMl). See 
fig.S. 

Notice that if one wants to align the TOP AS at a different signal WL, by turning 
manually the crystal (using the appropriate knob, see fig. II), it is possible to change 
the color of the superluminescence seed (e.g. for signal at I500 nm - green, at 1600 
nm - yellow, at 1300 nm -purple). 

c) If you cannot see the 3rd pass beam, check that the second pass hits the mirror CM2 (use 
paper card). If one cannot hit CM2 using the external mirror, try to adjust the tilt of the 
CMl using a hexagonal (2 mm) key. 

d) Check that the third pass beam goes right through the horizontal slit of CL2 holder. If the 
third pass is too high or too low, one could try, first to align the external mirror to get the 
first three passes aligned, but if even once aligned, the third pass does not go through the 
slit, one could then adjust the tilt of CM2 using hexagonal (2 mm) key. 

Notice that the beam at the third pass should be vertically stretched since it passed 
through cylindrical mirrors (CMI and CM2), cylindrical lens CLJ and is focused in the 
crystal to a horizontal line. 

e) Check that when the aperture A2 is closed (or smaller diameter), the visible SFL signal 
goes away. This is due to the fact that by closing the A2, the power in the crystal drops 
(energy goes down and beam diameter increases in focal point) and the power is no 
longer high enough to produce SFL. 

f) If you cannot get any visible light after the third pass with A2 fully opened, it may be the 
indication that the pump laser is not working properly. Proceed further only after making 
sure that the pump is OK and that the first TOP AS passes have no damaged optics 
including the NC. Indication of damage is scattered pump beam and/or strong white­
light (continuum) generation. Also check that the NC position is OK. Reset the crystal if 
not sure. 

g) If everything is OK and still no visible light can be detected after the third pass, try to 
move the lens L 1 to get a higher intensity in the crystal and brighter visible light after the 
third pass (different divergence might require repositioning of Ll. Note: No 
superfluorescence with the same pump divergence would indicate in decreased pump 
intensity- longer pulse duration in focal point, smaller energy or lower contrast. One has 
to check laser before proceeding further). Mark the beam position in front of CL2 before 
unscrewing L 1, and try to maintain the same position when moving. Go through this 
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section once more to check the first-third passes after securing the Ll. The goal is to 
achieve strong and stable SFL after three passes. 

h) Move BBO crystal of TOP AS to the highest possible position. SFL should not become 
weaker because of beam (2"d pass) clipping. 

FOR MORE DETAILED INFORMATION REFER TO THE TOP AS USER' S MANUAL SECTION 3.4 
FIRST, SECOND AND THIRD PASS ALIGNMENT. 

Realignment: Fourth pass: pre-amplification of the seed. 

At this point, the first three passes should be aligned. So, the external beam routing 

mirror should not be touched anymore, unless it is for very fine optimization later on. 

Remember that the third pass should already have SFL signal generated only with 

the power contained in the first three passes. Now, we have to make sure that the seed 

reflected from the grating collinearly overlaps spatially with the pump in the fourth 

pass and adjust the time overlap between the pump and seed pulses if needed. Then, 

with the fourth pass, we will pre-amplify a part of the spectrum of this seed signal 

using a part of the incoming pump T ns1xRns2 from pump laser. Refer to the part II 

for more general explanations. 

Here, for convenience purpose, the procedure assumes that the TOP AS is set to a signal 

· ·close to 1500 nm (reset motors if any has been touched by hand). So, the SFL signal should 

be green (to be more exact, SFL signal is in IR, however it produces some green-yellow­

red when mixed with the pump in the same nonlinear crystal). 

a) First, make sure that the pump beam is not clipped anywhere from BS2 up to the crystal 
(except of A3). Make sure that the beam is centered on the aperture A3. If it is not, one 
can adjust the tilt of the BS2 by adjusting the top hexagonal screw and by tilting slightly 
the beamsplitter adapter. 

b) Observe two spots going away from the main assembly towards MlO (side reflection of 
M2). Since both the pre-amplified seed and the pump are passing through M2, the spots 
should be composed of SH of the pump (blue spots at --400 nm) and some seed green 
light (when at 1500 nm) (see fig. 6). If you see no green even with A3 fully opened that 
means that there is no amplification. If you have amplification, go to Realignment: Fifth 
pass: fmal-amplification of the seed. Likewise, one could see an intense visible beam 
(from non-phase-matched signal & idler sum-frequency with the pump) when placed a 
card after TD crystal (beam coming from above NL crystal). Checking of beam after TD 
is convenient for overlapping of pump and signal reflected from diffraction grating (DG) 
(at zero order); and for optimization of pump intensity in 4th pass. One should not see 
any SFL when the seed beam after BS2 is blocked. 
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c) One way to align the fourth pass is to use the zero order diffraction from the DG. That 
means that instead of reflecting seed at the second or higher order with a particular 
angle, the seed is reflected at 0 angle. 

i. (For picosecond TOPAS only!) First, block the fourth and fifth pass pump beam 
before M3 and M9. Then mark the grating holder (moving part) position with respect 
to its sleeve (still part). Then, unscrew the screw Sl (using hexagonal key) on the side 
of the grating (ref. fig.8) and tilt manually the grating to approx normal incidence to 
the third pass. Notice that infs-TOPAS version grating rotation stage reaches 0 angle 
and working angle (no need for manual rotation and unscrewing of SJ). Just rotate 
the grating to 0 position by using the software. 

Fig. 8: Views of the diffraction grating holder and the position of the screw we have to release in 
order to be able to set manually the 0 order of the DG. Notice that on this picture, the grating 

angle is NOT at the 0 order position, but the direction of the rotation is shown. 

TOP VIEW 

DG(RM) 
Reflected spot from DG 
can be seen only when 
the card is high enough 
to let the third pass 
(shaded red) from 
crystal passing above 
CMl. 

Fig. 9 Views of the beam spot configurations on the card when checking for the reflected third pass 
from the DG in order to align the fourth pass. 
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u. Then, fine adjust the grating angle using the knob (see fig. 11) to get green light 
reflected above CMl on a card placed just above the third pass spot in front ofM5. 

Notice that by touching the grating screw S 1 (ref fig. 8), one will loose the 
calibration of the grating. Therefore, a calibration will have to be performed after 
alignment. 

iii. Then, make sure the reflected seed from the grating is in the same vertical plane 
as the third pass. One can adjust the horizontal alignment by adjusting S2 (ref. fig.8). 

Notice that the reflected beam from grating passes through the mirror M5 where the 
pump at 800 nm is blocked and only the green-yellow light is going through the 
crystal. 

IV. Then, make sure that the reflected seed beam pass above CMl (step i), through 
M5, in the crystal (on the top part) and hits the mirror M7 (see fig. 10). If one cannot 
see the beam on M7 (when pump is blocked), a vertical alignment of the reflected 
beam at the grating is possible using the grating angle knob (ref. fig.ll). Also, one 
can see the seed beam in front of the main assembly just above the first pass. Make 
sure the seed passes through nonlinear crystal, not above. 

Fig. I 0: View of the beam spot 
configuration on the card when 

checking for the reflected 0 order 
third pass from the DG on M7 (4TH AND 

5TH PUMPS BLOCKED). 

. ! I M2 
• I • 
•• • ••••• 1 • • •• 

YV 
for monitoring of 
preampflfier operation 

Fig. II: Side view of the TO PAS box. There is a 
knob controlling the angle of the crystal and also 

a knob controlling the angle of the grating. 

v. Also, check that the fourth pass pump beam passes through the fused silica plate 
GP, hits M5 and is reflected on the crystal, in the same vertical plane as the 4th pass 
seed. 

VI. Now that the seed beam goes up to M7, let's spatially overlap the pump beam 
with the seed. Place a paper card before the crystal, and check that the pump beam is 
in the same vertical plane as the green seed and the second pass beam spots. 
Ultimately, we want to overlap the pump beam (blue spot on the card using goggle@ 
800nm, since blue ~ SHG of 800 nm) with the green seed beam. Move M4 to adjust 
the height of the pump beam, and move M5 to adjust the tilt (horizontal 
displacement). Verify that the overlapping occurs before and after the crystal (ref. fig. 
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12). Use the largest possible distance between checking points. To verify the 
overlapping, block alternatively (ON/OFF) the pump beam before M3 to see green 
and then the blue overlapping the green spot. 

The overlapping of the pump 
(intense) and the seed is 
easier using the goggle @ 
800 nm that allows to see the 
SHG (blue spot less intense) 
as well as the seed beam at -
green. 

A verification point is before M2, 
where, when the card is place high 
enough, will see the vertical 
alignment of the seed and the 
pump. When the card is lower, one 
will see the first pass beam (have to 
scan the card in height to see 
second pass, and therefore, 
disabling the fourth pass). 

~ Fourth pass pump beam. 

< 
Fig.I2: Views of the beam spot corifiguration on the card when checking/or the 

overlapping of the fourth pass pump beam and the seed beam before and after the crystal. 
Also. a view of vumv and seed alirmment in the same vertical vlane. 

Notice that by overlapping the pump and the seed immediately before and after the 
crystal will approximately overlap the two beams WITHIN the crystal. Then, we will 
optimize the overlapping by fine adjustment later. 

d) Now that we have an approximately good spatial overlapping, place a card in front of the 
MS so that one could see the fourth pass reflected from M7 and coming from above the 
crystal. Then, adjust the delay 1 knob (ref. fig. 11) so that the intensity of the seed green 
spot on the card is maximized. The delay 1 will overlap in time the pulses of the pump 
with the pulses of the seed. Fine adjustment of Delay 1 can be done by measuring energy 
of pre-amplified seed and monitoring the SHS beam. 

~-------------, 

I M7 M2 

I L--------------
~ BBO ''l"tal 

Main assembly Crystal holder ~ 

Fig.l3: Side view of the fourth pass trajectories for the pump and the seed. The pre­
amplified seed beam is viewed on a card place after TD2 and is used to maximize the 

overlapping. 
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Notice that the blue-green-yellow spots on the side of the main assembly (side of MIO, on 
the card) should therefore be maximized once the time and spatial overlapping is 
adjusted. 
Notice that the pump intensity in the fourth pass must be below the threshold of 
superjluorescence when the seed is blocked. The superjluorescence may be easily 
detected just after NL crystal or after reflection from M7 and passing TD. 
Superjluorescence will have much bigger beam diameter of VIS (yellow-green-reddish) 
light than the amplified beam. Generation of supercontinuum (colored concentric rings) 
indicates that the pump intensity is much too high. Close A3 to reduce the intensity. 

e) Now when we have the 4th pass working with the grating in the 0 order, the following 
step is to get the grating back to the working order. 

For picosecond TOPAS only: Reset the grating motor. Unscrew the screw Sl and tilt 
the grating face down and match the marks that should have been made before releasing 
the screw for the first time [this will ensure that one catches at least the same order as that 
before the readjustment]. If you don't have any marks, follow the grating calibration 
procedure in the TOP AS manual. 

For femtosecond TOPAS: Just set a working angle (usually the second order of the 
signal) of the grating (a table with the grating angles vs wavelength can be found in 
TOP AS manual) in TOP AS control software. 

Realignment: Fifth pass: final-amplification of the seed . 

.Now that the first four passes are aligned, we will need to get a visible output to 
maximize the overlapping in the fourth pass and to align the fifth pass. Therefore, we 
need to set the TOP AS to a signal WL that will produce a visible light once at the 
output of the mixer 1. 

"a) Set the TOPAS to 1300 nm*. Block the fifth pump before M9, insert a white card in front of 
Mll and observe the visible spot that comes from M7. If you can see three visible spots 
(yellow, blue, red) in a row, the beams are slightly not collinear in the fourth pass. Tweak MS to 
overlap all the spots. 

* If the grating has been set to the 0 order and back using the screw Sl (see fig. 8), its position 
may not be exact, so tune the grating (use "direct access" window ofWintopas) to maximize the 
4th pass energy after setting the wavelength. 

b) Now try to get the fourth pass beam at the TOPAS output (adjust M7 and M8). Double the 
signal with the crystal #2 of the mixer 1 (make sure that the orientation of the mixer is 
appropriate for the generation of second harmonic of signal - SHS). You should get a week red 
spot. The intensity of the spot should change when adjusting A3. Close A3 to the point where 
you don't see any halo around the main beam. The spot may get distorted when you open A3 too 
much. 

c) Now, we will adjust the fifth pass. The goal is to make the fifth pass beams collinear and 
overlapping in time with the 4th pass. Check that the fifth pass pump is passing in the middle of 
the optics. Check that the fifth pass pump is collimated; adjust L6 if needed (to get a beam that 
will stay collimated several meters after TOPAS). You should not see any parametric light 
generated in the fifth pass, when the first passes are blocked. Check that the fifth pass pump 
beam is parallel to the beams in the first passes and goes through the center of the crystal (adjust 
MlO and Mll if needed). 
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d) Overlap the seed beam (fourth pass) with the pump on Mll. To do so, block the pump and look 
on the card before Mil to see the 4th pass seed spot (see fig. 7 for the position of the card). 
Then, unblock the pump and check the overlapping of the pump with the seed. Adjust M7 to 
optimize the overlapping visually. Note, that position of VIS light generated in the main crystal 
of TOP AS does not overlap exactly with signal. The best is to check overlapping of SHS of seed 
and SH of pump after external SH crystal. 

Notice that we want to align the fourth pass with the fifth pass and not the fifth pass with the 
fourth pass. In other words, we fzx the fifth pump and we adjust the fourth pass seed beam. 

e) The second step to optimize the spatial overlapping is to check at 1-10 m distance away from 
the TOP AS (usually one can see a week blue spot that is SH of the pump and overlap it with the 
red spot- SH of the signal). Move Delay 2 (use amplifier slide bar in "direct Access" window of 
Wintopas) to get rid of the amplification in the 5th pass if you have any. Adjust M8 to maximize 
the overlapping. 

Notice that two knobs at the back of M8-Mll assembly (closer to the TOP AS front panel) 
control the mirror M8 only, but the front knobs adjust both mirrors. 

f) One of the most sensitive methods of alignment of pump and signal in the last pass is to check 
overlapping of pump and SH of signal just at the SH crystal and in far field (2- 10 m) from the 
TOP AS. One can use week blue light for monitoring of position of pump. Delay between pump 
and signal (amplifier delay, motor #2) should be misaligned (pump delay is better decreased) 
when aligning the fifth pass. It is easier to check position of unamplified signal in near and far 
field. Overlapping of signal with pump in far field should be optimized by adjusting mirror M8 
(closer to input fine adjustment screws in three-part holder M8-Mll). One can adjust M7 for 
overlapping of pump and signal in the near field. Optimize delay after overlapping of beams . 

.,... Pulse energy is one of the main parameters for optimization. Some times more homogeneous 
spectrum is generated with slightly misaligned power amplifier delay. One can use pulse 
duration, shape of spectrum for final optimization of the delay. Often one has to make 
compromise between highest energy, clean spectrum and pulse profile when optimizing Delay 
2. Signal and idler pulse duration is usually shorter than pump pulse duration, if pump is> 100 fs 
and pump pulses are close to bandwidth limited. 

g) Final optimization of the pump and the signal directions could be performed looking on 
overlapping in far field of all possible VIS colors (SHS, 4HI, SFS, SFI and pump) in far field. 
(Difference frequency generation is very sensitive to correct overlapping of signal and idler in 
the DF crystal. One can adjust M8 for optimization ofDF.) 

h) Fina~ overlapping of pump and signal could be set by adjusting M7 for max energy at TOP AS 
output. 

i) Final pass amplification in the same phase-matching plane as first four passes is very important. 
Adjust the second set of screws (horizontal tilt) in M8-Mll holder for that. 

j) Adjustment ofM7, M8 or Mll would require optimization of Delay 2. 

k) Spectra of seed signal (SHS) and amplified signal (SHS) must match also. Different center 
wavelength of amplified signal corresponds to misaligned phase matching in the fmal pass. 

Notice that usually one can find few points with week amplification besides the two strong ones 
while adjusting delay 2. Two positions of the delay2 (separated by - a full turn of the delay2 knob) 
give the highest output power. The first point comes then the signal is overlapped in time with the 
pump and the second - when the idler is overlapped with the pump (signal and idler pulses are 
separated in time in TD). The first one usually gives a higher output energy and stability. 
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IV. Recalibration of the TOP AS 

At this stage of the procedure, we want to achieve the following: 
1 Tell the computer what are the positions of the motors 
2 Verify and optimize the offsets of the different motors as regard to the new 

optic position inside the TOP AS. 
3 Set a table of the different WL, spectrum shape and the associate power. 

Repositioning the motors 

So far, we manually (or using "direct access" window of Wintopas, the TOPAS 

operation software) changed the position of every motor during the alignment 

procedure. Therefore, the computer "doesn't lrnow" anymore the position of some 

motors (in terms of angle or motor steps). Remember that at this stage, one should 

have maximized the TOPAS output by adjusting manually (or using "direct access" 

menu) the crystal, grating, delays, and mixers . 

Direct access to 
motor control 

Fig.l4: Main window of the 
TOP AS control software 

(WinTopas©). For a complete 
description of the WinTopas 

software, go to the user 
manual. 

.. W'tnlOJld' 

Reset motors 

' " ... ::. ~( -=- • t ...... «(\• - - -- ~- - -·- - ~ ' -

a) Since we do not want to loose lasing of the TOP AS, we cannot reset all the motors at 
once (we would reset too many parameters at once). So, we will rather proceed one by 
one (even if some motors have not been touched by hand, this is a good point to double­
check the motor positions). Check the energy and the spectrum before resetting the 
motors. 

1. Remember the approximate position ofMlO (mark it). Reset Amplifier Delay 2 motor 
using the reset menu (motors/reset motors) of the TOPAS software (see fig.l6). One 
can mark knob of Delay 2 stage and count turns towards zero position and back. 

ii. Using the Direct Access menu (Motors/Direct access, reffig.17) at the bottom of the 
main window (ref. fig.14), adjust (using the arrow bar) the Amplifier Delay 2 motor 
until the maximum power at the output of TOP AS is regained. Then, the computer 
knows the position of the Delay 2 motor. 
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Notice that the use of a power meter is recommended in order to optimize the power at 
the TOP AS output. 

iii. Repeat the same process ((i) and (ii)) for the motor of the crystal and the grating. 

iv. Simply reset the motor the mixer I (and then the mixer II when the WL desired 
requires its use). Do not go to (ii) for these motors since the alignment did not affect 
those motors. 

Reset motors po3ihona 

r DyttaJ 

w-~nr~~ 

rMrxerl 

r Mo.erll 

Reset 

Fig.l5: Reset motor menu. 

~ 

Here, each motor can be reset 
.,.individually by checking the 

appropriate box . 

. Optimization of the offsets 

~, c.~ St~ lndeg In oleos 

..!J _f .!..1 ~ jl s.782 lls260 I 
' ~(Deley 2 Slops lnmm lnateps I 

..!J _j .!.l ~j2.2S3 1 12607 I 
jirtli'l!l s._ ln deg tn~ep.$ 

..!J "_j .!1 ~ 1&4.159 1 110753 

"'- ' Slopo lndeg tn &IPps 

..!J_j .!..1 fCEij j29.017 111741 

~o~- 11 S•oes ,, diG 11'\ft~ 

..!.1 .J .!1 rc:m 122.181 117393 

L Oad t.JOllt(on I ~nvl! ptJ:trt.Jon I lltlmr¥liVI 
E111t 

Fig.l6: Direct Access to the motor menu. 
Here, each motor can be set manually. 

Now, we want to fmd out if there is a difference between the previous calibration and 

the one that will match the current optics setting of the TOP AS. Such difference is 

express in terms of offsets for the different motors. So, in a first time, one will 

calibrate the OPG motors (Optical Parametric Generator elements: crystal, grating 

and amplifier delay 2) by using only ONE WL for the purpose of the calibration. 

Then, we will calibrate the mixer motor separately using a different WL for each 

tuning file (refer to user manual for more explanation about tuning files). One will 

need a spectrometer (exact wavelength calibration of the spectrometer is important) 

and a power meter to accomplish the OPG calibration. 

Notice here that we choose a WL of 1300 nm, same as used for the final alignment. If one used 
another wavelength, keep with it. 
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a) Opening the Direct Access menu, take note of the current motor positions (in deg or rnm, 
not steps). These will be used to calculate later the offsets so as to base the new 
calibration on the last one. 

b) Block the fifth pass pump and arrange the spectrometer to measure the signal 
wavelength after the fourth pass (one can measure SH of signal). 

c) Assuming that the TOP AS setting are close to optimum (the grating should be at least in 
good order), adjust the crystal angle and the grating angle alternately using the 'direct 
access' window to get exactly 1300 run wavelength (650run if using SHS) and max 
spectral intensity at that wavelength. 

Notice that the SHG crystal position may influence the wavelength. Make sure that the 
Mixer 1 is also optimized for 650 nm. 

d) As regard to the grating angle, use the appendix table (ref. user manual) to get an idea of 
the angle of the grating for a signal@ 1300 run (or equivalently,@ SHG 650 run). 

Notice that the grating can diffract a particular WL at different angle. This is called 
diffraction orders. Note that the TOPAS grating operate below an angle of7rf and that 
the angular motor range is about 4rf. Therefore, during the alignment procedure (Part 
III), one should choose approximately the right order of diffraction in order to be able to 
fine adjust the grating using the motor in this section. 

Max angle is usually 3rf for fs pulses. So, grating is working in the second order in all 
tuning range. 

IF YOU ARE NOT SURE ABOUT THE GRATING ORDER (PS OPERATION): One way to set 
the grating angle is to start by placing the grating at 90° of incidence, and then, turn the 
grating towards smaller angles until it reaches the highest order (that allow lasing). This 
can be continued to reach even lower orders ... 

Notice also that the higher diffraction order used to set the grating angle, the narrower 
will be the spectrum (as long as the angle is 5 7rf). Higher order of DF would ensure 
spectrum closer to bandwidth (BW) limit. However, if one wants to get a little higher 
energy per pulse, the diffraction order should be lowered For a diffraction angle one 
can refer to a table in the User's Manual or use a formula: 

. -l(m·A-·d) a = sm 
2 

with d = 300 lines!mm, is the grating parameter, m- diffraction order. 

E.g. For a signal at 1300 nm, the following angles are possible corresponding to the 
different diffraction orders (ref table p.47, user manual): 

Signal diffraction order: 2 3 4 5 

13001111.24122.95135.80151.261 77.16 1 

For the idler WL = 2065.86 nm (pump=798nm), different angle can be found using the 
previous equation. 

E.g . For Idler= 2065,86 nm, a = 18.05°, 38.3rf and 68.3SO for the diffraction order 1, 
2 and 3 respectively. 

So the highest order one reaches when going down from 90 deg corresponds to 77.16 
deg. Notice that one always wants to catch the signal order, not the idler. Lets say we 
want to get the 4th order for the signal. Then we need to miss two bursts in tapas 
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a) Opening the Direct Access menu, take note of the current motor positions (in deg or mm, 
not steps). These will be used to calculate later the offsets so as to base the new 
calibration on the last one. 

b) Block the fifth pass pump and arrange the spectrometer to measure the signal 
wavelength after the fourth pass (one can measure SH of signal). 

c) Assuming that the TOP AS setting are close to optimum (the grating should be at least in 
good order), adjust the crystal angle and the grating angle alternately using the 'direct 
access' window to get exactly 1300 run wavelength (650run if using SHS) and max 
spectral intensity at that wavelength. 

Notice that the SHG crystal position may influence the wavelength. Make sure that the 
Mixer I is also optimized for 650 nm. 

d) As regard to the grating angle, use the appendix table (ref. user manual) to get an idea of 
the angle of the grating for a signal@ 1300 run (or equivalently, @ SHG 650 nm). 

Notice that the grating can diffract a particular WL at different angle. This is called 
diffraction orders. Note that the TOP AS grating operate below an angle of 7rf and that 
the angular motor range is about 4rf. Therefore, during the alignment procedure (Part 
III), one should choose approximately the right order of diffraction in order to be able to 
fine adjust the grating using the motor in this section. 

Max angle is usually 3(f for fs pulses. So, grating is working in the second order in all 
tuning range. 

IF YOU ARE NOT SURE ABOUT THE GRATING ORDER (PS OPERATION): One way to set 
the grating angle is to start by placing the grating at 90° of incidence, and then, turn the 
grating towards smaller angles until it reaches the highest order (that allow lasing). This 
can be continued to reach even lower orders ... 

Notice also that the higher diffraction order used to set the grating angle, the narrower 
will be the spectrum (as long as the angle is s 7rf). Higher order of DF would ensure 
spectrum closer to bandwidth (BW) limit. However, if one wants to get a little higher 
energy per pulse, the diffraction order should be lowered. For a diffraction angle one 
can refer to a table in the User's Manual or use a formula: 

with d = 300 lineslmm, is the grating parameter, m- diffraction order. 

E.g. For a signal at 1300 nm. the following angles are possible corresponding to the 
different diffraction orders (ref table p.47, user manual): 

Signal diffraction order: 2 3 4 5 

13001111.24122.95135.80151.261 77.161 

For the idler WL = 2065.86 nm (pump=798nm), different angle can be found using the 
previous equation. 

E.g. For Idler= 2065,86 nm, a= 18.05°, 38.3(f and 68.3SO for the diffraction order 1, 
2 and 3 respectively. 

So the highest order one reaches when going down from 90 deg corresponds to 77.16 
deg. Notice that one always wants to catch the signal order, not the idler. Lets say we 
want to get the 4th order for the signal. Then we need to miss two bursts in tapas 
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--

output power (one at 77.16, second at 68.38) and stop at the third when turning the 
grating from -90 deg. 

Wintopas software will rotate angle of grating according to WL of signal. 

e) Once the optimum grating angle is set (part c), go to calibration menu (ref. fig.17) 
(Calibration/correction) and then, enter the new grating position value in deg calculated 
(or taken from the table) according to the measured wavelength, so that the software can 
calculate the difference between the current calibration and the previous one and set a 
new affix relative to the real zero angle ofDG and zero position of rotation stage. 

Notice that only the real value (position) has to be entered. The affzx is automatically 
calculated once the correction updated. 

1o.ooo Correction 

Amplifier (Dei~!JY 2) eft~ 1"1 rrwn 1o.ooo Correctioo 

G t ating elm. 1rt deg 131 .897 Correction 

OK 

Coneclion · • · 

Gr~ 

..!1 _J 

Olfset. 0.000 deg 

Affi1t 31 897 dllg 

Update 

Stepa 

.!.J D 
E~et11!1111poabon 

I 

lndeg 

l64.159 

In steps 

.._ _ __.I ]1o1s3 

l&~m 

Cancel 

Fig.17: Calibration menu that allows one to enter offset corrections for the grating 
(OPG in general). 

f) Remember the crystal position in deg from 'direct access window". Set the WL at 
1300nm (650 nm) (Wavelength/Set wavelength). Go to calibration menu, in the crystal 
offset correction menu, and then, using the arrows, get the remembered number in the 
deg box. Update the changes. Alternatively one can calculate the offset subtracting the 
old crystal motor position from the new and enter the value into 'crystal offset in deg' 
box (OPG offsets). Then, enter the real value of the delay 2 position and then update the 
value to calculate the offset of the delay 2. 

Notice that one should take note the of previous position values before to update the 
value in case that a manual calculation is required. 

At this stage, it would be important to make the following verification. Using a 
spectrometer, check that the fifth pass amplifies the same wavelength as generated in 
the fourth pass: 

1. Block the fifth pass pump and measure the signal wavelength after the fourth pass 
(one can measure SH of signal). 

ii. Open the fifth pass pump and measure TOP AS output signal wavelength. Tweak the 
horizontal adjustment knob of Mil to get the signal wavelength exactly the same as 
the fourth pass signal wavelength. 
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Notice that with ps-TOPAS one can use a power meter instead of a spectrometer. In 
picoseconds max output power closely corresponds to a good phase mat~hing angle. 

Before to proceed with the mixers calibration, one should try to set a different WL for the 

signal and verify that the motor positions set by the computer correspond to the optimum 

positions. To do so, check the effect of changing (direct access) the motors position on the 

output power. 

Mixer I 

a) Since the mixer I motor has already been reset previously, the calibration of Mixer I can 
follow the basic steps described in a), c) and e) of the previous section on OPG's. Use 
the Calibration menu to set the offset (ref. fig. 18). 

Notice here that one will need to make the calibration (offsets) for a WL that is different 
for each tuning file. That means that there is a different offset value (for the mixer I) for 
each of the tuningfile. 

Fig.I8: Calibration menu that allows one to 
enter offset corrections for the Mixer I and the 
Mixer II (Mixer III is available for Deep UV 

nntinn nn/v) 

Mixer II and Mixer III 

a) Similarly for the mixer II and mixer III. 

Calibration table 

I ~bration 
.QPG's offsets 
Mixer ! offsets 
Mixe! II offsets 

Mll!er Ill offsets 

r~ ow that the offsets are known, we want to update the table of the WL vs Output 

power of TOP AS to be used as checkpoint(s) in day-by-day alignment. We refer the 

reader . to the calibration files (corresponding to the tuning files) for an updated 

version. Our goal here is to provide with a value of TOP AS output power vs WL, and 

this, for the different WL ranges covered by the different tuning files. A spectrometer 

will be, once again, needed to achieve this task. 

Notice that by placing the fiber end of fiber spectrometer behind a business card (for 
diffusion purpose), one would get enough light for the spectrophotometer and yet, will 
avoid saturation. 

Usual problem of fiber spectrometer is modulated spectrum when higher modes are 
generated in fiber or input slit is too big. 
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a) Starting at the bottom of the WL range set the appropriate WL tuning file in the 
WinTopas software. 

b) Then, set the first WL listed on the table using Wavelength/set wavelength menu. Once 
the TOP AS is set at this WL, verify the WL using the spectrometer and read the power 
on a power meter placed before the fiber end (use wavelength separators/ filters to have 
just that wavelength at the power meter). 

c) Set the next WL on the table that is still included in the same tuning file. 

d) Repeat steps a), b) and c) until the entire WL range is covered (all tuning files covered) 

e) One can measure offsets of Mixers by maximizing the energy of given WL. 
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Fourth pass focusing adjustment 

For the same reasons, if the beam parameters are changed in the pump laser, the 

collimation lenses in the fourth pass could be adjusted. 

c) Adjust first L3 laterally on the base slot in order to get highest intensity in the crystal. 
Then, ifL3 is not enough to focus properly, adjust in the same way the lens L3' . 

Notice that if the focus is too much, one can decrease the intensity of the beam using A3 
to lower the power on the crystal (to avoid burning). Remember that the beam size of 
the fourth pass has to be small for two reasons: first, to have intense enough to pre­
amplify the seed and second, to select a limited spectrum of the diffracted light from the 
grating. 

Spatial filtering is performed here also. Small beam focused at long distance would 
have clean central part and blur peripheral area in focal point. This spatial filtering 
helps to generate a homogeneous seed beam. 

Fifth pass collimation adjustment 

For the same reasons, if the beam parameters are changed in the pump laser, the 

collimation lenses in the fifth pass must be adjusted. 

d) Adjust first L6 laterally on the base slot in order to get the beam collimated (check that 
the beam size does not change over distance). 

Notice that final signal and idler beam size and divergence will depend mainly on shape 
and divergence of pump. Make diffractive divergence of pump in order to maximize the 
energy of mixer stages (Difference frequency is most sensitive mixer stage. Signal and 
idler are conjugated pulses and beams. Diverging signal would correspond to 
converging idler and vice versa.) 
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APPENDIX II: Addi1:ion.a.l procedures 

In the case that one HAS TO modify the beam profile or the beam size/divergence of 

the pump beam entering the TOP AS, the collimation lenses have to be adjusted inside 

the TOP AS to compensate for the new pump beam parameters. The following 

procedures are related to that particular situation. 

First three passes focusing adjustment 

When one change the beam divergence and the beam size of the pump laser, one need to 

adjust Ll to make sure that there will have enough intensity on the crystal to produce and 

amplify superfluorescence in the first three passes. 

a) The lateral adjustment ofLl (horizontal position on the base slot) will change the size of 
the beam on the crystal. We want to get enough intensity to get superfluorescence but 
yet, not to burn the crystal. Therefore, by precaution, scan SLOWLY increasing the 
intensity (ref. fig. A2). Make A2 smaller at this point to prevent too high intensity at 
some elements. Make smallest possible pump beam after three passes. Then open slowly 
the A2. 

. . . ... . .. CL1 

r
ll1:" 

v 
. 

. 

. 

1.2+- ~ I . 

A2 l1 

: -=l]l-1 -

Fig.A2: Top view of adjustment direction of the lens L1 in order to change the intensity 
of the beam on the crystal. 

b) Make sure that the vertical alignment of the first and third pass still good while scanning 
the Ll. Also, if the beam is too wide or blurry on the card before CL2, that means that 
the beam is too intense on the crystal. There is two possible solutions: close A2 a little 
until the beam looks good, or move L1 more carefully and more finely to get the right 
position that will allow the right intensity on the crystaL 

Notice that if the lens is already aligned and the beam is slightly blurry, try using the 
aperture. However, if a major alignment of the beam is required, try moving the lens to 
the appropriate position. 

Change BSJ to higher reflection if pump intensity in the first three passes is too high 
and one has to reduce pump beam diameter (by A2) significantly. 
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Abbreviation significations 

Sample abbreviation Signification Sample symbol 

Ap.erture 
A1 

Al -+-
BS1 

BSl Beam splitter -a-
\.1 l6 

L1 Diverging or converging lens 
Conv.+ Div.~ 

CL1 
CLl Cylindrical lens + M12 117 

M12 Flat or concave mirror 
Flat-[}- Cone. -If-

CM1 

CMl Cylindrical mirror -n-
.,....,. 

PR Polarization rotator 
PR 

-{}-
...--.. 

NC Nonlinear crystal ID -m M10 
TD Time delay 

TD -c:::J- TD2 ~ -~ 
DG Diffraction grating D§IRM) 

+-G'P 

GP Fused silica plate 0-. . . . . . 
Main assembly element . . 

• • 0. 0 .. . 0. . . . . . . . 

Table.Al: Significations of the abbreviations used on the TOP AS layout. 
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APPENDIX I: TOP AS Layout 

Fig. AI: Top vew of general layout of the TOP AS optical elements. The five passes are represented 
simultaneously and the significations of the abbreviations are given in Appendix I below. 
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Organic Polymer and Optoelectronic Laboratory, U n iversity of Toronto 

TOP AS FINE ALIGNMENT PROCEDURE 

NOTE: This list of procedures is an addition for training course only. The full 
alignment procedure is referred to TOPAS manual and should be 
performed only by well-trained and patient persons. For reference to 
optical components, the reader is referred to the TOPAS layout figure 
included in appendix I of this document. 

P ART 1: Und e rstan ding t he T OP A S 

At this stage, we want to give a detailed feeling to the reader about what's going on 
at each stage of the TO PAS. An alignment procedure will follow at the next section. 

First, second and third passes: seed beam 
Third part of the 
pump beam 

TOP VIEW _,/ ··· 

. . . . . CL1 A2 P" up 
M1 : L1 .. B$2 ~1 A 1 "'" ' 

_ __.l _____ J~--- . - -- 7~-__L .. _, .-
-- I I ~ ;I . --, . ;-- ·- -. --··-··- ' -- ~ -· -

'i -····"'""' ~ ..... 
1 

~ wnd fUlT1 of '·-.... 
.! tilt' pump h am ·~ u ,. First pa11 of the 

::db : pump beam 
CM2: M7 ;; : NC M5 Ct.2 OG(RM) 

~ • ~ ~o~---=UB-:-~"~ · 
CM1 

SlDEvtEW 

C1W2 
M7 M2 

Q NC 
~::;;\-~~-
~- ~ M5 Cl2 

~~~-- ~ OG(RM) 
-- • --..;;;; -~--::::. )..,.t\.:4111... 

· . CM1 v-.. ~ 

Fig. 1: Top view and s ide view layout of the first, second and third passes light paths inside the TOP AS. 
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1) The pump beam is split into three components. The first two are going to be used 
for the fourth and fifth passes (amplification). The third component is the light 
that passes through BS1 and BS2 to be reflected by the main assembly towards 
the NL crystal and is referred as seed light. However, notice that in reality, this is 
the pump that generates parametric superjluorescence or seed light inside the 
TOP AS. This later component of the light will do in total three passes in the 
crystal, which they will be called respectively the first, second and third passes. 
From the BS2 to the crystal, the beam will be collimated by the telescope optics 
between BS2 and the NL crystal to a spot size of around 1-2 mm. 

2) The first pass goes from M2 to CMl . That first pass is pumping the crystal in 
order to produce parametric superluminescence (SF). 

3) The second pass is the backward reflection from CMl, through the NL crystal, up 
to CM2. This second pass amplifies the superluminescence produced by the first 
pass. 

4) The third pass is the reflection from CM2 to the diffraction grating. The third pass 
passes just above CMl to that it can reach the DG. The third pass amplifies the 
second pass output. Notice that parametric generation/amplification differs from 
laser amplification: one does not have any build up of any population inversion in 
a nonlinear crystal. Parametric amplification works through electronic 
nonlinearity of a medium and thus is a very fast process (<fs). So the second (the 
third) pass does not "feel" the previous pass pump. One can see a different 
visible color (e.g. green when signal is set to ~ 1500 nm, on top of the pump at 
800 nm) on a white card before the lens CL2. The overlapping of the first three 
passes gives enough power to generate, already at this stage, superluminescence 
in the crystal. At CMl, both the first and the third pass should be in the same 
vertical plane (remember, the second pass beam spot is visible only before CM2 
or before the main assembly if one keeps a paper-card low enough not to block 
the first pass). 

5) Notice that the third pass will pass in the slit before CL2 to ensure a proper 
alignment on the grating. Then, it will hit the grating. The spectrum of the beam 
will then be diffracted (spread) spatially (ref. fig. 2) while reflected back through 
M5 to the crystal. This will become the fourth pass when the second part of the 
pump will be applied (ref. fig. 1). 

Fourth pass: pre-amplification of the seed beam. 

At this point, we basically have a seed beam, relatively weak, with a spectrum that is 
reflected on the crystal. This seed beam will be pre-amplified by the fourth pass 
pump beam. Since the fourth pass pump beam is collimated to a narrower radius (~ 
2mm), only a narrow spectrum of the diffracted beam will be amplified. That's why, 
by changing the angle of the crystal, we can tune the WL amplified since the crystal 
generates different pairs of WL at different angles. Notice that the purpose of the 
grating is to na"ow the spectrum (together with the lh pass, see principle on fig. 2). 
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Amplified 
frequency v 

Seed beam with 
spectrum !J.v 

Diffracted soectrum Pump beam 

grating 

Fig. 2: Scheme showing the main principle of the pre-amplification in the fourth pass. The spectrum of 
the seed beam (1-2-3 passes) is spread on the crystal, reflected from the DG. Then, the fourth 
pass pump beam comes to overlap on the crystal, but only on a narrow area, corresponding to 
a much narrower bandwidth of the seed beam (amplify only "one" wavelength), depending on 
the phase matching condition between the seed, the pump and the crystal angle. 

TOP VIEW 

SIDE VIEW 
M7 

Fig. 3: Top view and side view layout of the fourth pass light path inside the TOP AS. 
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1) About 2.5% of the incoming (from TITAN) pump beam is used for the fourth 
pass. First, it is collimated and focused to a narrower beam size ~ 1-2 mm (by 
passing through L3, IA and M4) in order to be able to select a narrower BW and 
to have enough intensity to amplify from the seed). This pump beam acts as pre­
amplification only, since the power is low (but intense enough due to the smaller 
spot on the crystal). Once the fourth pass will have selected a BW of the seed by 
pre-amplification of it, then will come the fifth pass, with higher power, bigger 
beam size, to amplify that BW to the final output power level required. 

2) The fourth pass pump beam then traverses a glass plate (GP) that compensate for 
the lateral drift of the first three passes introduced when crystal changes its angle 
(to ensure that the pump beam hits the mirror M5 always at the same spot as the 
seed). 

3) Then, M5 reflects the pump towards the crystal. The grating is mounted on a 
delay stage so that one could adjust the delay between the seed pulse and the 
pump pulse so that they can overlap no only in space, but also in time IN the 
crystal. This is the DELAY 1 adjustment. 

4) Then, the small beam spot hit the crystal and amplify the appropriate WL 
depending on the angle of the DG and of the crystal. 

5) Then, the pre-amplified seed beam goes through M2 where the pump is removed 
(filters the pump light @ 800nm) and the seed is reflected by M7 (focusing 
mirror). Due to the mirror M2, the pump is reflected on the side, towards MIO. 
One could see the reflected spots of the second harmonic of the pump on a card 
placed on the side of Ml 0. Then, the cleaned seed beam goes back ABOVE the 
crystal, and ABOVE M5 to hit M8. 

Fifth pass: final amplification. 

At this point, we have a seed beam that has been pre-amplified by the fourth pass 
and that the spectrum has been narrowed by use of the diffraction grating 
spreading in combination with the spot size of the pump beam in the fourth pass. 
Now, we want to take this seed and amplify it to its final power level by using most 
(95%) of the incoming pump beam from TITAN. To do that, we will need to overlap 
in space and in time the fifth pass with the seed beam IN the crystal. This will 
involve a delay 2 adjustment. 
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TOP VIEW 

.. "Iii: CL1 

. .... . !"? . NC 

SlOE VlEW 

0 ....._ OOtflMI 

cu ~ 

Fig. 4: Top view and side view layout of the fifth pass light path inside the TOP AS. 

1) About 95% of the incoming pump from TIT AN is used in the fifth pass. The 
beam is collimated to a beam spot size that will approximately cover the surface 
of the crystal. This is in order to maximize the amplification in the crystal, but yet, 
not to overpump (beam gets distorted) the crystal by having a reasonable intensity 
in the NL crystal. 

Notice here that before L5 and L6 that act as telescope objective (collimate the 
beam), the pump beam pass by the mirror Ml 0 mounted on a delay stage. Again, 
as in the fourth pass, this delay (co-called DELAY 2) will be use to overlap in 
time the seed beam from the four first passes with the pump beam of the fifth pass. 

Notice also that from Mil to the output, the fifth pump beam path should be 
collinear with the fourth pass seed path. 

2) Then, both the pump and the seed pass go through the crystal. Because ofthe high 
intensity, parametric amplification occurs (see Saleh & Teich, chapter 19, p. 748-
750 for more info), according to the angle of the crystal and DG. 

3) Then, the pump beam is blocked at the output (by M12) and the signal and idler 
come out. The mixer I and/or II can be combine to produce SHG of both idler and 
signal. 
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PART II: Aligning the TOPAS 

This procedure contains two major steps. The first step is a verification 
procedure. No optical elements should be touched. This is only a diagnostic 
procedure. Some external mirrors may be tweaked, but NOTHING INSIDE 
THE TOP AS SHOULD BE TOUCHED. 

Diagnostic: TIT AN pump beam 

1) Check the pump laser performance and the TOP AS pump beam parameters such 
as energy, pulse duration, beam quality to correspond the specified values. The 
TITAN power should be approx. 1,80 W, pulse at 1 Khz, ~ 2- 2,5 ps duration, 
beam profile aspect ratio of 1,5/1 MAX. If possible, check the contrast ratio of the 
TIT AN pulse, using a fast photodiode. The contrast ratio should be around 11100 
(or 100, depending on convention). 

Diagnostic: TOP AS optical elements 

2) If the pump is OK, check the TOP AS optical elements (especially the main BBO 
crystal) for possible damage. 

Diagnostic: TOP AS alignment 

3) If everything is OK, check the TO PAS alignment: 

a) Reset all TOP AS motors. Set the signal WL to 1500 nm. 

b) (A LL PUMP PASSES HLOCKED> Check that the input beam is centered on the input aperture 
AI. 

c) Check that the beams in the first three passes and the fourth pass are in one vertical 
plane. To do so, check the third and first passes by placing a card before CMI. By 
scanning in height of the card, one could see the first and third pass al~matively and 
verify their alignment. (FOURTH PUMP PASS UNBLOCKED) The fourth and tPe first passes 
could be checked by placing a card before the NL crystal (between NC j:tnd M5). 

Fourth pass spot, super 
signal pre-amplified. 

First pass spot. 

NC 

. . . . ..................... . .. .. .. ......................... .. .. . . . . . . 
. . .. . . 

~~······ 
- --~ !' 

CU OG(RM) 

Third pass spot, including 
-4··· ·----·"superluminescence. 

Fig. 5: Views of the beam spot configuration on the card when checking for the first, second, third and 
fourth passes. 
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d) tPliMPS HI.OCKEDl Check that the third pass beam goes right through the horizontal slit 
of CL2 holder. 

e) tPl iMPS HI.()('KEDl Check that you get parametric super signal after the third pass (one 
should see some visible light on top of the 800 nm light). Look on a white card 
before CL2. 

f) ts '" PASS PUMP BtOcKml Check that you get amplification in the fourth pass (one 
should see two bright visible blue AND green spots going away from the main 
assembly towards MlO). Likewise, one could see an intense visible beam (from 
signal&idler superluminescence with the pump) when placed a card before M5 (beam 

coming r rom above NL crysta{l ............... \~~ Super signal pre-

•••••• amplified beam spot 
••• reflected from M7 above 

SHG of the double A·············~.. .. NG the NC towards MS. 

reflection in the mirror . ••••••• /,/ 
M2 of the fourth pass • JJ·' 
pump light. ······,·-. ....... 

or mon,tonng cf 
preamplifier operation 

Fig. 6: Views of the beam spot configurations on the card when checking for the pre-amplification 
at the fourth pass. 

g) CAl l. PUMPS UNBLOCKED> Check that the pump beam and the seed beam are collinear in 
the fifth pass. To do so, one could first check if the fifth pass pump overlap with the 
seed on M8 (place a card between Mll and M8, block and unblock alternatively the 
51

h pump ~ittl.!iee if the spots on the card overlap in space. Use goggle at 800 nm to 
see the SHG o't~ pump, which is weaker and easier to see). Second, one could 
check the same ov'ei>lap.ping, but this time~ at the output of the TOPAS (same 
procedure, but make sure·~.pump ~Jpvlrer'-mirror- is removed). Set signal WL to 
1300 nm and use SH generator.:~~·ualize the signal at the TOP AS output. .... .. ······ .... ····· .... ~ ······· ·· ... ······· ····· ... .. 

·•• •••• • I 

•···· : ~ Towards the output ¢=J ~~:~· ~zo-.;~~~~~~~=-4..,..~:;:{{ 
• The pump beam spot 

(red) overlap with the 
seed beam spot 
(green) 

Fig. 7: Views of the beam spot configurations on the card when checking for the fifth pass 
overlapping with the seed. 

Try to restore the alignment by tweaking just the external beam rooting 
mirrors. If that is not possible, refer to the next section that describes more 
detailed realignment procedure of the TOP AS. 
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THE SECOND MAJOR STEP IS THE REALIGNMENT PROCEDURE ITSELF. IN THAT CASE, 
OPTICS INSIDE WILL NEED TO BE ADJUSTED AND THEREFORE, A RECALIBRA TION OF 
THE TOPAS WILL BE NECESSARY TO BE PERFORMED. THIS PROCEDURE IS FOR WELL 
TRAINED PERSONS ONLY AND SHOULD REQUIRE A LOT OF ATTENTION AND 
UNDERSTANDING. 

Realignment: First, Second and Third passes: seed signal 

Align the first three passes using the external mirrors: 

a) Check that the input beam is centered on the input aperture (AI). 

Notice that if one touches the input mirror, the aperture AI and A2 should be set so 
that, once the first three passes aligned, the beam passes in the middle (center the 
apertures) of AI and A2. 

b) Check that all three passes are in the same vertical plane. It is convenient to check the 
beam positions on CM 1 mirror: the beam after the third pass (that goes just above the 
mirror) should be right above the first pass beam (that strikes the top edge of CM 1 ). 
See fig.5. 

Notice that if one wants to align the TOP AS at a different signal WL, by turning 
manually the c1ystal (using the appropriate knoh, see jig. 11), it is possible to change 
the color of the superluminescence seed (e.g. for signal at 1500 nm ~ green, at 1600 
nm ~yellow, at 1300 nm -purple). 

c) Check that the second pass hits the mirror CM2 (use paper card). If one cannot hit 
CM2 using the external mirror, try to adjust the tilt of the CMI using an Allen key. 

d) Check that the third pass beam goes right through the horizontal slit of CL2 holder. 
Check if the second pass hits the mirror CM2 (see a beam spot on card placed before 
CM2). If the third pass is too high or too low, one could try, first to align the external 
mirror to get the first three passes aligned, with superluminescence, but if even once 
aligned, the third pass does not go through the slit, one could then adjust the tilt of 
CM2 using Allen key. 

Notice that the beam at the third pass should he vertically stretched since it passed 
through cylindrical mirror (CMJ and CM2) and cylindrical/ens CLJ. 

e) Check that when the aperture A2 is closed (or smaller diameter), the visible 
superluminescence signal goes away. This is due to the fact that by closing the A2, 
the power in the crystal drops and the power is no longer high enough to produce 
superluminescence. 

f) If you cannot get any visible light after the third pass, it may be the indication that the 
pump laser is not working properly. Proceed further only after making sure that the 
pump is OK and that the first TOPAS passes have no damaged optics including the 
crystal. Also check that the crystal position is OK. Reset the crystal if not sure. 

g) If everything is OK and still no visible light can be detected after the third pass, try to 
move the lens L1 to get a higher intensity in the crystal and some visible light after 
the third pass. Mark the beam position in front of CL2 before releasing L 1, and try to 
maintain the same position when moving. Go through this section once more to 
check the first-third passes after securing the Ll. 

FOR MORE DETAILED INFORMATION REFER TO THE TOPAS USER'S MANUAL SECTION 
3.4 FIRST, SECOND AND THIRD PASS ALIGNMENT. 
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Realignment: Fourth pass: pre-amplification of the seed. 

At this point, the first three passes should be aligned. So, the external routing 
mirror should not be touched anymore, unless it is for very fine optimization later 
on. Remember that the third pass should already have superluminescence signal 
generated only with the power contained in the first three passes. Now, we have to 
make sure that the seed reflected from the grating collinearly overlaps spatially with 
the pump in the fourth pass and adjust the time overlap between the pump and seed 
pulses if needed. Then, with the fourth pass, we will pre-amplify a part of the 
spectrum of this seed signal using a part of the incoming pump (2.5%) from TITAN. 
Refer to the part I for more general explanations. 

Here, for convenience purpose, the procedure assumes that the TOPAS is set to a 
signal close to 1500 nm (reset motors if any has been touched by hand). So, the 
superluminescence signal should be green (to be more exact, superluminescence signal 
is in IR, however it produces some green when mixed with the pump in the same 
nonlinear crystal). 

a) First, make sure that the pump beam is not clipped anywhere from BS2 up to the 
crystal. Make sure that the beam is centered on the aperture A3. If it is clipped, one 
can adjust the tilt of the BS2 by adjusting the top Allen screw and by tilting slightly 
the beamsplitter. 

b) Observe two spots going away from the main assembly towards MlO (side reflection 
of M2). Since both the pre-amplified seed and the pump are passing through M2, the 
spots should be composed of SH of the pump (blue spots at ~400 nm) and some seed 
green light (when at 1500 nm) (see fig. 6 If you see no green even with A3 fully 
opened, that means that there is no amplification. If you have amplification, go to 
Realignment: Fifth pass: final-amplification of the seed. Likewise, one could see an 
intense visible beam (from signal&idler SF with the pump) when placed a card 
before M5 (beam coming from above NL crystal) 

c) One way to align the fourth pass, is to use the 0 order diffraction from the DG. That 
means that instead of reflecting seed at the second or third order with a particular 
angle, the seed is reflected at approx. 0 deg. 

i) First, block the fourth and fifth pass pump beam before M3 and M9. Then 
mark the grating holder (moving part) position with respect to its sleeve (still 
part). Then, unscrew the screw CD (using Allen key) on the side of the grating 
(ref. fig.8) and tilt manually the grating to approx normal incidence to the 
third pass. 

Fig. 8: Views of the diffraction grating holder and the position of the 
screw we have to release in order to be able to set manually 

9 the 0 order of the DG. Notice that on this picture, the grating 
angle is NOT at the 0 order position, but the direction of the 
rotation is shown. 



ii) Then, fine adjust the grating angle using the knob (see fig. II) to get green 
light reflected above CM I on a card placed just above the third pass spot. 

Paper card scanned in height to see t 
alternatively the third pass (looking 
from crystal toward the card) an~ 
the reflection from the grating M 
(looking .from DG toward the _;::;;_. r~D 
card). Notice that if one blocks the 9_. J 
third pass from crystal, no 
reflection from DG can be seen on 
the card! 

SIDE VIEW 

CM1 

TOP VIEW Reflected spot from DG. 
Can be seen only when 

CL
2 

OG(RM) the card is high enough 
to Jet the third pass 
(shaded red) from 
rystal passing above 

CM l . 

Fig. 9 Views of the beam spot configurations on the card when checking for the reflected third 
pass from the DG in order to align the fourth pass. 

Notice that by touching the grating screw CD (ref fig. 8), one will loose the 
calibration of the grating. Therefore, a calibration will have to he performed 
after alignment. 

ii) Then, make sure the reflected seed from the grating is in the same vertical 
plane than the third pass. One can adjust the horizontal alignment by adjusting 
@ (ref. fig.8). 

Notice that the reflected beam from grating passes through the mirror M5 
where the pump at 800 nm is blocked and only the green light is going 
through the crystal. 

iii) Then, make sure that the reflected seed beam pass above CMI (step ii), in the 
crystal (on the top part) and hits the mirror M7 (see fig. IO). If one cannot see 
the beam on M7 (when pump is blocked), a vertical alignment of the reflected 
beam at the grating is possible using the grating angle knob (ref. fig.ll ). Also, 
one can see the seed beam in front of the main assembly just above the first 
pass. Make sure the seed passes through nonlinear crystal, not above. 

Fig.JO: View of the beam 
spot configuration 
on the card when 
checking for the 
reflected 0 order 
third pass from the 
DG on M7 1 4"' AND 

5111 PUMPS 8/.0CK£1>!. 
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Delay 2 

-
Fig. II: Side view of the TOP AS box. 

There is a knob controlling the 
angle of the crystal and also a 
knob controlling the angle oj 
the grating. 

iv) Also, check that the fourth pass pump beam passes through the glass plate GP, 
hits MS and is reflected on the crystal, in the same vertical plane than the 4th 
pass seed. 

v) Now that the seed beam goes up to M7, let's spatially overlap the pump beam 
with the seed. Place a paper card before the crystal, and check that the pump 
beam is in the same vertical plane than the green seed and the second pass 
beam spots. Ultimately, we want to overlap the pump beam (blue spot on the 
card using goggle @ 800nm, since blue~ SHG of 800 nm) with the green 
seed beam. Move M4 to adjust the height of the pump beam, and move MS to 

The overlapping of 
the pump (intense) 
and the seed is 
easier using the 
goggle @ 800 nm 
that allows to see the 
SHG (blue spot less 
intense) as well as 
the seed beam at -
532 nm. 

adjust the tilt (horizontal displacement). Verify that the overlapping occurs 
before and after the crystal (ref. fig. 12). 

To verify the overlapping, block alternatively (ON/OFF) the pump beam 
before M3 to seed green and then the blue overlapping the green spot. 

A verification point is 
before M2, where, when 
the card is place high 
enough, will see the 
vertical alignment of the 
seed and the pump. When 
the card is lower, one will 
see the first pass beam 
(have to scan the card · 
height to see second pass, 
and therefore, disabling 
the fourth pass). 

't M~ .! . .., 
h...._ for monitoring of r preamplifi~r operation 

Fourth pass pump beam. 

Fig.12: Views of the beam spot configuration on the card when checking for the overlapping of the 
fourth pass pump beam and the seed beam before and after the crystal. Also, a view of pump 
and seed alignment in the same vertical plane. 

Notice that by overlapping the pump and the seed immediately before and 
after the crystal will approximately overlap the two beams WITHIN the 
crystal. Then, we will optimize the overlapping by fine adjustment later. 
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d) Now that we have an approximately good spatial overlapping, place a card in front of 
the M5 so that one could see the fourth pass reflected from M7 and coming from 
above the crystal. Then, adjust the delay 1 knob (ref. fig. 11) so that the intensity of 
the seed green spot on the card is maximized. The delay 1 will overlap in time the 
pulses of the pump with the pulses of the seed. 

~--------------, 
I M7 M2 

I 
I 
I 
I 

I_- - - - - - - -- - - - - - ! 
Main assembly 

Paper card 

I 

BBO crystal 

Crystal holder ~ 

Fig.l3: Side view of the fourth pass trajectories for the pump and the seed. The pre-amplified seed 
beam is viewed on a card place between the crystal and M5, and is used to maximize the 
overlapping. 

Notice that the blue-green spots on the side of the main assembly (side of 
MJO, on the card) should therefore be maximized once the time and spatial 
overlapping is adjusted. 

Notice that the pump intensity in the fourth pass must he below the threshold 
of superjluorescence when the seed is hlocked. The supeifluorescence may be 
easily detected just after NL crystal. Supeifluorescence will have much 
bigger beam diameter of VIS (yellow-green-reddish) light than the amplified 
beam. Generation of supercontinuum (colored concentric rings) indicates 
that the pump intensity is much too high. Close A3 to reduce the intensity. 

e) Now when we have the 41
h pass working with the grating in the 0 order, the 

following step is to get the grating back to the working order. Reset the grating 
motor. Unscrew the screw <D and tilt the grating face down and match the marks that 
should have been made before releasing the screw for the first time [this will ensure 
that one catches at least the same order as that before the readjustment]. If you don't 
have any marks, follow the grating calibration procedure in the TOP AS manual. 

Realignment: Fifth pass: final-amplification of the seed. 

Now that the four first passes are aligned, we will need to get a visible output to 
maximize the overlapping in the fourth pass and to align the fifth pass. Therefore, 
we need to set the TOP AS to a signal WL that will produce a visible light once at the 
output of the mixer 1. 

a) Set the TOP AS to 1300 nm*. Block the fifth pump before M9, insert a business card 
in front ofM11 and observe the visible spot that comes from M7. If you can see three 
visible spots (yellow, blue, red) in a row, the beams are slightly not collinear in the 
fourth pass. Tweak M5 to overlap all the spots. 
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* If the grating has been set to the 0 order and back using the screw CD (see fig. 8), 
its position may not be exact, so tune the grating (use "direct access" window of 
Wintopas) to maximize the 4th pass after setting the wavelength. 

b) Now try to get the fourth pass beam at the TOPAS output (adjust M7 and M8). 
Double the signal with the crystal #2 of the mixer I (make sure that the orientation of 
the mixer is appropriate for the generation of second harmonic signal - SHS). You 
should get a week red spot. The intensity of the spot should change when adjusting 
A3. Close A3 to the point where you don't see any halo around the main beam. The 
spot may get distorted when you open A3 too much. 

c) Now, we will adjust the fifth pass. The goal is to make the fifth pass beams collinear 
and overlapping in time with the 4th pass. Check that the fifth pass pump should be 
passing in the middle of the optics. Check that the fifth pass pump is collimated; 
adjust L6 if needed (to get a beam that will cover the crystal face) . You should not 
see any parametric light generated in the fifth pass, when the first passes are blocked. 
Check that the fifth pass pump beam is parallel to the beams in the first passes and 
goes through the center of the crystal (adjust MlO and Mil if needed). 

d) Overlap the seed beam (fourth pass) with the pump on Mil. To do so, block the 
pump and look on the card before M8 to see the 4th pass seed spot. Then, unblock the 
pump and check the overlapping of the pump with the seed. Adjust M7 to optimize 
the overlapping visually. 

Notice that we want to align the fourth par;s with the fifth pass and not the fifth pass 
with the fourth pass. In other word<;, we fix the fifth pump and we adjust the fourth 
pass seed beam. 

CL2 'OGIRMJ 
~ .. 

. . . 
M1'* 

Fig.J4: Top view of the spatially overlapping between the seed and the pump. LEFT: when the pump 
is blocked, one can see the seed from M7 (green) . RIGHT: when the pump is unblocked, one 
wants to overlap the pump (shade red) with the seed spot. 
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e) The second step to optimize the spatial overlapping is to check at 1- 2 m distance 
away from the TOP AS (usually one can see a week blue spot that is SH of the pump 
and overlap it with the red spot- SH of the signal). Move Delay 2 (use amplifier slide 
bar in "direct Access" window of Wintopas) to get rid of the amplification in the 5th 
pass if you have any. Adjust M8 to maximize the overlapping (max. intensity of 
output). Use a power meter at the output of the TOP AS to optimize the spatial 
overlapping. 

Notice that the mirror M8 control only the mirror M8, but if one touches Ml 0, both 
mirrors MJO and M8 will be adjusted. 

f) Now that the spatial overlapping is done, adjust the delay 2 (ref. fig. 11) in order to 
overlap in time (maximum of intensity at the output of the TOP AS). First, use visual 
maximization, and then, use a power meter to maximize the time overlapping. BTW, 
double-check the optimization of the spatial overlapping. 

Notice that usua//y one can find few points with week amplification besides the two 
strong ones while adjusting delay 2. Two positions of the delay2 (separated by - a 
full turn of the de/ay2 knob) give the highest output power. The first point comes then 
the signal is overlapped in time with the pump and the second - when the idler is 
overlapped with the pump (<>ignal and idler pulses are separated in time in TD). The 
first one usually gives a higher output energy and stability. 

PART III : Calibration or t h e TOPAS 

At this stage of the procedure, we want to achieve the following: 

> Tell the computer what are the positions of the motors 

> Verify and optimize the offsets of the different motors as regard to the new 
optic position inside the TO PAS. 

> Set a table of the different WL and the associate power. 

Repositioning the motors 

So far, we manually (or using "direct access" window of Wintopas, the TOPAS 
operation software) changed the position of every motor during the alignment 
procedure. Therefore, the computer "doesn't know" anymore the position of some 
motors (in terms of angle or motor steps). Remember that at this stage, one should 
have maximized the TOP AS output by adjusting manually (or using "direct access" 
menu) the crystal, grating, delays, and mixers. 

Direct access to 
motor control 

Fig.l5: Main window of the 
TOPAS control software 
(WinTopas©). For a 
complete description of 
the WinTopas software, 
~o to the user manual. ' ... ... . • .. ',. .. i. 



a) Since we do not want to loose lasing of the TOP AS, we cannot reset all the motors at 
once (we would reset too many parameters at once). So, we will rather proceed one 
by one (even if some motors have not been touched by hand, this is a good point to 
double-check the motor positions). 

i) Remember the approximate position of MlO. Reset Amplifier Delay 2 
motor using the reset menu (motors/reset motors) of the TOPAS 
software (see fig.16). 

ii) Using the Direct Access menu (Motors/Direct access, ref fig.l7) at the 
bottom of the main window (ref. fig.15), adjust (using the arrow bar) the 
Amplifier Delay 2 motor until the maximum power at the output of 
TOP AS is regained. Then, the computer knqws the position of the Delay 
2 motor. j 

i 
Notice that the use of a power meter could b~ helpful in order to optimize 
the power at the TO PAS output. \ 

iii) Repeat the same process ((i) and (ii)) for the \motor of the crystal and the 
grating. \ 

iv) Simply reset the motor the mixer I (and then\ the mixer II when the WL 
desired requires its use). Do not go to (ii) for these motors since the 
alignment did not affect those motors. \ 

r Crystal 

W~P!~er }Delay 2J 

r Gratltrg 

r .M1xer l 

rM~x111n 

Re11et 

Fig.l6: Reset motor menu. Here, 
each motor can be reset 
individually by checking 
the appropriate box. 

Dnect Access , ~ V 
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Cryual 

..!.1 _I ..!..1 
An>pif~ (Delay 2) 

.!.1 _j ..!.1 
Gt~ 

..!.1 . ..J .!l 
Mr.etl 

~J._J .!.l 
Mt>b<ll 

_!J .J .!.l 

Fig.l7: Direct Access to the motor menu. Here, 
each motor can be set manually. 



Optimization of the offsets 

Now, we want to find out if there is a difference between the previous calibration and the 
one that will match the current optics setting of the TOP AS. Such difference is express in 
terms of offsets for the different motors. So, in a first time, one will calibrate the OPG 
motors (Optical Parametric Generator elements: crystal, grating and amplifier delay 2) by 
using only ONE WL for the purpose of the calibration. Then, we will calibrate the mixer 
motor separately using a different WL for each tuning file (refer to user manual for more 
explanation about tuning files). One will need a spectrometer (exact wavelength calibration 
of the spectrometer is important) and a power meter to accomplish the OPG calibration. 

OPG 

Notice here that we choose a WL of 1300 nm for this procedure for simplicity purposes. 011e 
could choose to use any other WL if desired. 

a) Using the WL setting menu (Wavelength/Set wavelength), set the WL at 650 nm (SH of 
1300 nm). Opening the Direct Access menu, take note of the current motor positions 
(in deg or mm, not steps). These will be used to calculate later the offsets so as to base 
the new calibration on the last one. 

b) Block the fifth pass pump and arrange the spectrometer to measure the signal 
wavelength after the fourth pass (one can measure SH of signal). 

c) Assuming that the TOP AS setting are close to optimum (the grating should be at least 
in good order), adjust the crystal angle and the grating angle alternately using the 
'direct access' window to get exactly 1300 nm wavelength (650nm if using SHS) and 
max spectral intensity at that wavelength. 

Notice that the SHG crystal position may influence the wavelength. Make sure that the 
Mixer I is also optimized for 650 nm. 

d) As regard to the grating angle, use the appendix table (ref. user manual, p. 45-48) to get 
an idea of the angle of the grating for a signal @ 1300 nm (or equivalently, @ SHG 
650 nm). 

Notice that the grating can diffract a particular WL at different angle. This is called 
diffraction orders. Note that the TOP AS grating operate below an angle oj7ff and that 
the angular motor range is about 400. Therefore, during the alignment procedure (Part 
II), one should choose approximately the right order of diffraction in order to be able 
to fine adjust the grating using the motor in this section. 

IF YOU ARE NOT SURE ABOUT THE GRATING ORDER: One way to set the grating angle 
is to start by placing the grating at 90° of incidence, and then, turn the grating towards 
smaller angles until it reaches the highest order (that allow lasing). This can be 
continued to reach even lower orders . .. 

Notice also that the higher diffraction order used to set the grating angle, the better 
will be the spectrum (as long as the angle is ~7(/'). However, if one wants to get a little 
higher energy per pulse, the diffraction order should be lowered. Notice also that if one 
wants to calibrate using the idler WL, the following relation should be used to 
calculate the angle of the grating to be set . 

• _1(m·A-·d) a = sm 
2 

with d = 300 lineslmm, is the grating parameter. 
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E.g. For a signal at 1300 nm. the following angles are possible corresponding to the 
different diffraction orders (ref table p.47, user manual): 

Diffraction order: 1 2 3 4 5 

1300 II 11.24 1 22.95 1 35.80 I 51.261 77.161 

For the idler WL = 2065.86 n~ different /ngle c~ be found using the previous 
equation. \.... f \ 
E.g. For Idler = 2065,86 nm, a = /8.os>, 38~300 and 68:'3/r for the diffraction order 

1, 2 and 3 respectively. 

So the highest order one reaches when going down from 90 deg corresponds to 77.16 
deg. Notice that one always wants to catch the signal order, not the idler. Lets say we 
want to get the 4 order for the signal. Then we need to miss two bursts in tapa~· 

output power (one at 77. 16, second at 68.38) and stop at the third when turning the 
grating from - 90 deg. 

e) Once the optimum grating angle is set (part c), go to calibration menu (ref. fig.l8) 
(Calibration/correction) and then, enter the new grati~g position value in deg. so that 
the software can calculate the difference between tl~e current calibration and the 
previous one and set a new offset relative to the old califration. 

Notice that only the real value (position) has td._ be entered. The offset i<; 
automatically calculated once the correction updated. \ 

' 

Cr.!l$1~1 ot~t rn deQ jo.ooo \ 

Amp!{res (DeJ.w 21 olt$af rn mm rorocn 
Grating aff~ rn deg I ~! ::g:· \ I 

OK Cance-l 

r.orre r.tion :·~ 

G[ating 

.!.I . 
o tr• et o ooo deg 

AffiX. 31 897 deg 

Step~ 

1J ICJ 
Enter 1e~ posttidn 

Update j 

lndeg 

§ij~ 

lam 1 

Cancel 

Correction 

Correction 

Correction 

1SJ 
In .teps 

110753 

----------------------~~------------------~ 
Fig.l8: Calibration menu that allows one to enter offse;'~orrections for the grating (OPG in 

general). \ ... 
·· .. 

f) Remember the crystal position in deg from 'direct ac;~~s window". Set the WL at 
1300nm ( 650 nm) (Wavelength/Set wavelength). Go t6· ... calibration menu, in the 
crystal offset correction menu, and then, using the arrows, get the remembered 
number in the deg box. Update the changes. Alternatively one can calculate the offset 
subtracting the old crystal motor position from the new and enter the value into 
'crystal offset in deg' box (OPG offsets). Then, enter the real value of the delay 2 
position and then update the value to calculate the offset of the delay 2. Proceed 
similarly with the crystal angle. 
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Notice that one should take note the of previous position values before to update 
the value in case that a manual calculation is required. 

At this stage, it would be important to make the following verification. Using a 
spectrometer, check that the fifth pass amplifies the same wavelength as generated 
in the fourth pass: 

i) Block the fifth pass pump and measure the signal wavelength after the fourth pass 
(one can measure SH of signal). 

ii) Open the fifth pass pump and measure TOP AS output signal wavelength. Tweak the 
horizontal adjustment knob of M 11 to get the signal wavelength exactly the same as 
the fourth pass signal wavelength. 

Before to proceed with the mixers calibration, one should try to set a different WL for the 
signal and verify that the motor positions set by the computer correspond to the optimum 
positions. To do so, check the effect of changing manually (direct access) the motors position 
on the output power. 

Mixer I 

a) Since the mixer I motor has already been reset previously, the calibration of mixer I 
can follow the basic steps described in a), b), c) and e) of the previous section on 
OPG's. Use the Calibration menu to set the offset (ref. fig. 19). 

Notice here that one will need to make the calibration (o.ff<;ets) for a WL that is 
different for each tuning file. That means that there is a different offset value (for the 
mixer !)for each of the tuningfile. 

Mixer 11 

1 ,Cahbrahon 

QPG's olf$ets 

M1xer 1 offsets 
Mixe! II offsets 

M1~er Ill offsets 

Fig.J9: Calibration menu that allows one to enter offset 
corrections for the Mixer I and the Mixer II (Mixer Ill 
is not available). 

a) Similarly for the mixer II. 

18 



Calibration table 

Now that the offsets are known, we want to update the table of the WL Vs Power of 
Idler and Signal. We refer the reader to the calibration files (corresponding to the 
tuning files) for an updated version. Our goal here is to provide with a value of 
TOP AS output power Vs WL, and this, for the different WL ranges covered by the 
different tuning files. A spectrometer (fiber coupled) will be, once again, needed to 
achieve this task. 

Notice that by placing the fiber end behind a business card (for diffusion purpose), one 
would get enough light for the spectrophotometer and yet, will avoid saturation. 

a) Starting at the bottom of the WL range, 280 nm, set the appropriate WL tuning file in 
the WinTopas software. 

b) Then, set the first WL listed on the table using Wavelength/set wavelength menu. 
Once the TOP AS is set at this WL, verify the WL using the spectrometer and read the 
power of the Idler+ signal on a power meter place before the fiber end. 

c) Set the next WL on the table that is still included in the same tuning file. 

d) Repeat steps a), b) and c) until the entire WL range is covered (all tuning files 
covered). 
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Abbreviation significations 

Sample abbreviation Signification Sample symbol 

A1 
Al Aperture -+-

8 S 1 
BSl Beam splitter (not all 50:50) -a--

L1 l6 

Ll Diverging or converging lens 
Conv.+ Div.~ 

CL1 
CLl Cylindrical lens + 

M12 

Conv. t 
M12 Flat or converging mirror 

Flat -[]-
CM1 

CMl Cylindrical mirror -1)-
..,....,. 

PR Polarization rotator 
PR 

-{}-
... , 

NC Non linear crystal ID 
...... 

Time delay 
TD M10 

TD 
-c::J- TD2 ~ TDl 

~ ~ ... . 
DG Diffraction grating DG(RM) 

+-
GP 

GP Glass Plate 0-
. . . . . 

Main assembly element . . . . . . . . . . . . . . . . . 

Table.Al: Significations of the abbreviations used on the TOP AS layout. 
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APPENDIX .11: Addit:ional procedures 

In the case that one HAVE TO modify the beam profile or the beam size/divergence 
of the TITAN pump beam entering the TOPAS, the collimation lens have to be 
adjusted inside the TOP AS to compensate for the new seed beam parameters. The 
following procedures are related to that particular situation. 

First three passes collimation adjustment 

When one change the beam divergence and the beam size of the TITAN, one ened to 
adjust L1 to make sure that there will have enough intensity on the crystal to produce 
superfluorescence after the third pass. 

1) The lateral adjustment of Ll (horizontal position on the base slot) will change the 
size of the beam on the crystal. We want to get enough intensity to get 
superfluorescence but yet, not to burn the crystal. Therefore, by precaution, scan 
SLOWLY from left to right (when increasing the intensity) (ref. fig. A2) 

. . . . . CL1 A .O\ 

M1 · ""'- l1 
/ > ..;.. .~ I -JI· -· . --- ·-

;' ""':;;:.;;:;:--:;J r- -::..-==--=· -=-Vi - \ I .. ' ·-- - --- ·- - · 
:[ : ... ~1---
·: ., .. .. 

L" ;j ... . , . 
~-

1' 

Fig.A2: Top view of adjustment direction of the lens Ll in order to change the intensity of the 
beam on the crystal. 

2) Make sure that the vertical alignment of the first and third pass still good while 
scanning the Ll . Also, if the beam is too wide or blurry on the card before CL2, 
that means that the beam is too intense on the crystal. There is two possible 
solutions: close A2 a little until the beam looks good, or move Ll more carefully 
and more finely to get the right position that will allow the right intensity on the 
crystal. 

Notice that if the lens is already aligned and the beam is slightly blurry, try using 
the aperture. However, if a major alignment of the beam is required, try moving 
the lens to the appropriate position. 
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Fourth pass collimation adjustment 

For the same reasons, if the beam parameters are changed in the TITAN, the 
collimation lenses in the fourth pass must be adjusted. 

1) Adjust first L3 laterally on the base slot in order to get~ lrnm wide beam (same 
size than first pass) before M5 (on card). Then, if L3 is not enough to focus 
properly, adjust in the same way the lens L3'. 

Notice that if the focus is too much, one can decrease the intensity of the beam 
using A3 to lower the power on the crystal (to avoid burning). Remember that the 
beam size of the fourth pass has to be small for two reasons: first, to have intense 
enough to pre-amplify the seed and second, to select a limited spectrum of the 
diffracted light from the grating. 

Fifth pass collimation adjustment 

For the same reasons, if the beam parameters are changed in the TITAN, the 
collimation lenses in the fifth pass must be adjusted. 

1) Adjust first L6 laterally on the base slot in order to get the beam collimated 
(check that the beam size does not change over distance) 
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System Components 
CPA-2001 User Manual, Version 4.2 

Latest Upgrade: October, 2002 

Copyright 2001, Clark-MXR, Inc., All rights reserved . 

This manual contains information on the subsystems forming the 
CPA-2001 Laser System: SErF fiber oscillator, pulse stretcher, 
ORC-1000 frequency-doubled Nd:YAG pump laser, regenerative 
amplifier, and pulse compressor. 
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Copyright Notice 
The Eye Safety chapter of this manual may be reproduced and 
prominently displayed. 

However, no other part of this manual may be reproduced, stored 
in a retrieval system, or transmitted in any form by any means, 
(electronic, mechanical, photocopying, recording, or otherwise) 
without the express written permission of Clark-MXR, Inc. This 
document is copyrighted with all rights reserved. 

Permitted copies must carry the same proprietary and copyright 
notices as were affixed to the original. Under the law, copying 
includes translation into another language. 

Please note that while every effort has been made to ensure that 
the data given in this document is accurate, the information, 
figures, tables, specifications, and schematics contained herein are 
subject to change without notice. Clark-MXR, Inc. makes no 
warranty or representation, either expressed or implied with 
respect to this document. In no event will Clark-MXR, Inc. be liable 
for any direct, indirect, special, incidental, or consequential damage 
resulting from any errors or typos in its documentation. 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 
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EYE 
PROTECTION 

REQUIRED 

[llJijj[t]~l tJ 
GLOVES REQOIR£0 

IN THIS AREA 

Graphic Symbols Explained 
The following graphic symbols are used throughout this manual to 
draw your attention to situations or procedures that require extra 
attention. They warn of hazards to your eyesight, damage to 
equipment and necessary performance specifications. 

Performance Specifications. You should follow these instructions 
without deviation. 

Serious bodily harm, including permanent loss of vision may result 
from exposure to radiation either present in the area, or radiation 
that may be created when executing the alignment step detailed 
along side it. Eye protection required. 

Graphic to draw your attention to a warning or important notice. 

Wear protective gloves when handling sensitive optical 
components. Skin oil on optical components may make them 
worthless. 

Electrical Hazard. 

v 
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LASER 

OPERATING 

If NOTICE l 
AUTHORIZED 
PERSONNEL 

ONLY 

CPA-2001 User Manual 

Wait- there is a warming-up period. Do yourself a favor and wait. 

Post warning signs that alert others to the presence of laser 
radiation. 

Authorized personnel only! Assemble and operate this system in an 
enclosed room. 

Copyright 2001, Clark-MXR. I nc. All rights reserved . 
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Table 1-1 
Laser parameters 
affecting the users 
safety 

1 Eye Safety 
The lasers you will be working with are sources of intense optical 
radiation. Their safe use depends on your awareness of their 
potential hazards and taking precautions to avoid any bodily harm. 

At almost every stage of the system alignment procedure, the 
intensity 
of the beams from the ErF/SErF fiber oscillator, the Ti:Sapphire 
regenerative amplifier, and its frequency-doubled Nd:YAG pump 
laser can cause serious damage to the eye, including permanent 
loss of vision, when viewed directly or when reflected off another 
object. 

The radiation generated and amplified by the Ti:Sapphire is in the 
near IR wavelength range where the sensitivity of the retina is 
minimal. When the Ti:Sapphire laser is operating in the near 
infrared, the weak appearance of the beam may mislead you into 
believing it is of low intensity and therefore of little concern. 
However, permanent loss of vision can still occur. 

The various wavelengths, pulse energies, and operating power 
emitted by the lasers forming the CPA-2001 system are listed in 
Table 1-1. Use this table and good sense to decide what level of 
eye and skin protection is needed. 

• Use of controls or adjustments or performance of 
procedures other than those specified in this manual 
may result in hazardous radiation exposure. 

Laser : Wavelength 
Power Pulse 

1 (nm) Energy 
ORC-
1000 532 < 65W < 25 mJ 

Nd:YAG 
Regen. 

775 < 5W < 5 mJ Amplifier 
Erf Fiber 

1550 < 0.2 w < 10 nJ Laser 
SErf 
Fiber 775 < 20 mW < 1 nJ 
Laser l 

1-1 
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EYE 
PROTECTION 

REQUIRED 

CPA-2001 User Manual 

• Post the laser parameters (shown in the preceding 
chart) near the laboratory to alert everyone to the 
presence of laser radiation. 

Read the safety instructions of the CDRH certified Nd:YAG laser 
(used to pump the regenerative ampl ifier). Incorporate the safety 
recommendations into your standard practice. 

Please refer to Chapter 9 for the location of safety labels affixed to 
the CPA-2001 housing. 

• When setting up or aligning the system or subsystems, 
KEEP ALL BEAMS BELOW EYE LEVEL Never look in the 
plane of propagation of the beam, or pass through it 
while bending down without first turning off the laser. 

The beam from the laser system can cause permanent loss of 
vision even when it appears to be of a low intensity! Intense 
coherent and incoherent radiation is emitted from the Ti:Sapphire 
rods when they are being pumped by other lasers. Avoid all direct 
exposure to the laser beams. Wear LASER SAFETY GOGGLES. 

Remember that safety goggles can be a hazard as well as a benefit. 
To protect the eyes from the laser beam, the goggles must 
attenuate to the point where the beam is no longer visible. 
Therefore, the user can be exposed to flesh burns or clothing 
fire without seeing it happen. Be aware of this potential. Follow 
the specific recommendations called for in this manual at various 
stages during the alignment procedure. 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 
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LASER 
OPERATING 

I NOTICE I 
AUTHORIZED 
PERSONNEL 

ONLY 

• Assemble and operate this system in an enclosed room. 
Periodically inspect the area for stray beams and 
reflections. Block those that propagate outside of the 
work area during assembly and alignment. Prevent all 
uncontrolled reflections. 

• When servicing the system do not wear jewelry (for 
example/ rings, chains, etc.) that might pass through 
the laser beam line. Uncontrolled reflections may result! 

The laser beams can remain coll imated over large distances and 
remain a hazard far from the original source. Clearly mark the door 
to the room with warning signs and interlocks connected to the two 
pump lasers to prevent accidental exposure to the beams. 

• Post warning signs that alert everyone to the presence 
of laser radiation. Please ask Clark-MXR, Inc.'s service 
department if you need signs. 

Do NOT operate the system while untrained personnel are present. 
Warn anyone in the area where beams are located of the dangers 
associated with laser beams. Verbal warnings help to ensure that 
others in the area are notinjured by stray radiation. 

• Limit access to the equipment to trained personnel who 
have a need to use it. 

The Eye Protection Required symbol warns you that serious 
bodily harm may result from exposure to radiation either present 
in the area, or radiation that may be created when doing the step 
detailed along side it (see also, Graphic Symbols Explained at the 
beginning of this manual) . 

1-3 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 



1-4 CPA-2001 User Manual 

• Observe and understand the symbol that follows. 

EYE 
PROTECTION 

REQUIRED 

• Remember, safety is your responsibility! Follow these 
safety procedures when working with this product. 

Copyright 2001, Clark-MXR, Inc. All rights reserved. 
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2 Site Preparation 

2.1 Laser Room 
The CPA-2001 system is designed to operate under standard 
laboratory conditions. 

• The laboratory site must be easily accessible, because some 
large pieces of equipment will have to be moved to the site, 
including the optical table(s) and the various laser power 
supplies. 

Water and electricity must be available (see below). 

• The room temperature must be stable to ± 2° C, and the 
humidity level must be maintained at all times below the 
condensation point. 

• The site must be reasonably free of sources of vibration. 

• The site must be clean. The cleaner the facility, the less often 
cleaning of the optics will be required. 

• The airflow in the room (air conditioning) must be directed 
away from the lasers. Turbulent airflows will disturb the laser 
system and degrade its short-term stability. 

• The laser table must be well lit. If an overhanging platform is 
located above the table, it may be necessary to install some 
additional lights. The light level control must be easily accessible 
as some of the alignment steps call for a darkened room. 

• The supporting surface temperature must be stable to ±2° C. 

• The supporting structure surface must provide some type of 
anchorage points located on a regular basis (such as a 1" or 25 
mm grid). 

For safety, the laser site access must be restricted (see Chapter 
1, Eye Safety). 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 



2-2 

2.2 Utility Requirements 

2.2.1 VAG Laser Requirements 
Electrical Connections 

CPA-2001 User Manual 

Voltage: 208-240 VAC, line to line single phase 
(line to neutral: Europe) 

Frequency: 50 or 60 Hz 

Current: 40 A 

Temperature Stabilization Loop Requirements 
Electrical 

Voltage: 110-120 VAC (grounded 3-prong) 

Frequency: 50 or 60 Hz 

Current: lOA 

• Note that additional outlets will be needed for the 
power meter, the oscilloscope, the autocorrelator, etc. 

2.2.2 Water Requirements 
The external water flow (intermittent) is controlled by a built-in 
thermostat. The ORC power station contains an internal closed 
circuit heat exchanger, which must be filled with five (5) gallons of 
distilled water for the actual cooling of the laser head. 

External Water Loop 

Flow: 3.5GPM 

Pressure: 30 to 50 psi 

Back-pressure: none (i.e. opened drain) 

Internal Water Loop 

De-ionized Water: Initially requires 5 gallons 

Copyright 2001, Clark-MXR, Inc. All rights reserved. 
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Temperature Stabilization Loop Requirements 
Water (Internal Loop) 

Water Capacity: 6 liters distilled water 

2.2.3 Nitrogen Requirements 
The CPA-2001 Laser System provides a nitrogen port for purging 
the entire system with clean, oil-free and dry Nitrogen. The 
Nitrogen over pressure can be used to keep the optics clean of dust 
contamination (especially in the regenerative amplifier) and to 
eliminate any residual amount of light absorption by water vapor. 
For optimum long-term performance stability and optics 
maintenance/ we recommend the purging of the CPA-2001 with dry 
Nitrogen at all times. 

The Nitrogen must be provided at a pressure no higher than 0.2 
Bar (2.9 PSI) through a 1/4" OD, 1/8" ID tubing. 

2.3 Support Equipment & Supplies 
The following equipment/supplies are required to setup, align, and 
operate the CPA-2001 laser system. 

• One analog oscilloscope (bandwidth greater than or equal to 
350 MHz) to view output beam 

• One infrared viewer (FJW Find-R-Scope, or equivalent) 

• One analog laser power meter (Range up to 10 watts, with 
sensitivity equal to or better than 10 mW); Model Molectron 
Power Max 5100 with head PM10, or equivalent 

• One autocorrelator. model Clark-MXR AC-150, or equivalent: 
The autocorrelator must be able to measure pulses as short as 
100 fs at 40 MHz (oscillator) and at 1 kHz (amplifier) 

• A set of tools including a wrench set, screwdrivers, a set of U.S. 
Allen wrenches, a utility knife, a measuring tape, a ruler, and a 
voltmeter 

• A flashlight 

De-ionized and distilled water (see above) 

2-3 
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Nitrogen (see above) 

Optics cleaning supplies include: Spectroscopic or Research 
Grade Methanol and Acetone, lens tissue, powder-free gloves, 
several cans of dust-free compressed gas 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 



CPA-2001 User Manual 

Figure 3-1. CPA-
2001 Laser Head 
Schematic Layout 

.. "' .. .....,.: ... 

3 System Overview 

3.1 System Layout 
The CPA-2001 is a compact, integrated Ti:Sapphire amplified laser 
system and is comprised of the following physical units: 

• Laser Head: 4811Lx20"Wx12"H 
• ORC-1000 Power Supply: 38"Lx23"Wx24"H (YAG Laser) 
• DT-505 Pockels Cell Driver: 18.5"Lx16.5"Wx6"H 
• Temperature Stabilization Unit: 16.5"Lx8.25"Wx22.5"H 

The CPA-2001 laser head contains the following subcomponents in 
a bi-level optical layout design as schematical ly shown in Figure 3-1 
below. 

• SErF fiber osci llator 
• Pulse stretcher 
• Regenerative amplifier 
• ORC-1000 frequency-doubled Nd:YAG pump laser 
• Pulse compressor 

Bottom Level 

SErF Fiber Pulse 
Oscillator Stretcher 

I I 

Diode Laser 

000225 
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Figure3-2 
Location of first foot 
clamp (drawing not 
to scale). 

Top Level 

Regenerative Amplifier 

Nd:YAG Pump 
Laser 

CPA-2001 User Manual 

Pulse 
Compressor 

000225 

3.2 Initial Positioning and Setup 
The weight of the CPA-2001 should be sufficient to keep it in place 
on most optics tables. The clamps shipped with the unit are 
provided as a safety measure to keep someone from accidentally 
pushing the laser across the table. Optics tables are subject to 
temperature stresses as lab temperatures fluctuate. The CPA-2001 
is temperature stabilized and does not expand and contract with 
room temperature changes in the same way as an optics table. 
With the CPA-2001 only loosely secured to the table, the table is 
free to expand and contract under the feet of the laser. 

Position this foot clamp before installing the CPA-2001 on the table. 
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Figure3-3 
Location of second 
and third foot 
clamps (drawing 
not to scale). 

Figure 3-4 
Location of height 
adjustable leg. 
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Position these clamps once the CPA-2001 is positioned on the table 

The laser head unit of the CPA-2001 should be posit ioned on the 
optical table. Three fixed-height legs and one adjustable leg are 
provided. Adjust the fourth leg so that it just touches the table surface 
then loosely tighten the foot clamps. Make sure all four feet are on the 
table. 

1004A 

FRONT 

Al l of the necessary utility connections are available at the rear end of 
the laser head unit as illustrated in the figures below. 
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Figure3-5 
Overview of the 
temperature 
stabilization loop for the 
CPA-2001. 

Figure 3-6 
CPA-2001 
Temperature 
stabilization 
connections 
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3.3 Thermal Stabilization of the CPA-2001 
Once the CPA-2001 is located on the table, the next step in the setup 
is the connection of the water circulator to the laser head unit. An 
overview of the thermal stabilization water loop is shown in Figure 3-5. 

The connection sequence is shown in Figures 3-6. 

The thermal equilibration of the CPA-2001 may take 24 hours to 
achieve, and it is important to reach thermal equil ibrium before 
operating the laser system. The water circulator should be set at the 
factory test temperature, typically 18 +/-1 o Celsius (this may differ on 
some units, see test data sheet) . 
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Figure 3-7 
Electrical 
connections for the 
CPA-2001 

3-5 

3.4 Electrical Connections 
The electrical connections sequence is shown here. 

[8ru o - 1 •• 9 
• 2 •• o 

0 11 -10 0 
00 

61••17 ~3 

' 
0 5 •• 4 0 

~ 

Port 
1 
2 
3 

4 
5 
6 
7 
8 
9 

Type 
D-connector 
BNC 
Circular, multi-pin ( 4) 

BNC 
BNC 
Circular, multi-pin (6) 
BNC 
BNC 
Circular, multi-pin (2) 

Function 
ORC interlock etc. 
RF for AO Q-switch 

980917C 

Power for diode laser & PPLN 
interlock 
PPLN temperature monitor 
Reservoir for future use 
Heater PPLN, thermistor, 12v DC 
Monitor mode locking 
Monitor amplifier 
Power to photodetector 

In addition, there is an electrical cord with 6 connectors for the DT-505 
Pockels Cell Driver that is a part of the CPA-2001 laser head unit. 

• Once connected, power must be maintained to the ORC 
power supply at all times. 

3.5 Cooling VAG Laser 
Connect water hoses between ORC (YAG) power supply and CPA-2001 
as shown in Figure 3-8. 
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Figure 3-8 
Water Cooling 
ORC{YAG). 

Figure3-9 
Nitrogen port on the 
CPA-2001 
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• Note that the direction of the flow matters! 

Connect the red-marked hose to the red-marked port. Fill up the ORC 
reservoir with de-ionized water. (See Chapter 2.) 

0( ) 

I 
00 

I 
0 0 0 0 

0 0 
ORC ·1 -- 1 
~ lQj 

~ 
0 0 v 

9809178 

3.6 Nitrogen Overpressure 

I I 
0( ) 

00 0 0 0 ~ 

0 "' . 0 Nitrogen 
1001 

~ 0 
lQj 

0 0 \ ~ 
980917A 

Connect user-provided dust-free, dry Nitrogen flow (see Chapter 2) to 
CPA-2001 as shown in Figure 3-9. This last step is not required if the 
CPA-2001 is installed in a cleanroom. 
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4 System Operation 

4.1 Daily Routine Operating Procedure 
The following is a synopsis of the "day to day" procedures for using 
the CPA-2001 laser system. It is intended for use by those who have 
received training on the operation of the CPA-2001, and are familiar 
with the function of the components mentioned. 

4.1.1 Start Up Procedure 
1. Turn on the external cooling water to the ORC pump laser. 

2. Check that the SErF is mode-locked. This can be done by checking 
the frequency meter on the Q-switch driver located in the ORC power 
supply. Alternatively, the photodiode output that connects to the RF 
input of the DT-505 Pockels cell driver can be checked on an 
oscilloscope. If the SErF is not mode-locked, see the troubleshooting 
section. 

3. Turn on the ORC laser. 

A. Turn on the key switch. 

B. Start the water pump using the pump start momentary 
contact switch. 

C. Turn on the power supply (rocker switch). Wait until lamp 
button is completely lit up. 

D. Turn on the lamp by pressing the glowing button . The light 
should turn off when it is pressed. Repeat as necessary. 
The Operating current on the amp meter is an indication 
that the lamp is turned on. 

E. Wait 5 minutes for the ORC to stabilize. 

F. Open the ORC main shutter. 

G. Turn on the ORC feedback (see details in section 5.4.1). 

H. For units equipped with independent injection shutter, open 
this now. 

4. Turn on the H.V. switch on the DT-505 Pockels cell driver. 
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5. Wait for the system to warm up for 15 minutes. The system 
should now be operating at the same level as the previous day. If 
not, see troubleshooting section. 

4.1.2 Shut Down Procedure 

1. Turn off the ORC feedback loop. 

2. Close the shutter on the ORC pump laser. 

3. Turn off the H.V. switch on the DT-505. 

4. Turn off the ORC power supply (rocker switch next to the lamp 
start switch). 

5. Turn off the ORC key switch. 

6. Turn off the external water. 

4.1.3 Items To Be Left On 

The following items should be left on at all times: 

1. Water circulator for thermal stabilization of CPA-2001 system 
2. DT-505 main power switch 
3. AC power to ORC power supply 

• In the case of power failure or shut down, check that these 
items are reactivated immediately. If the water circulator 
is shut off for any reason, then the CPA-2001 needs to 
thermally equilibrate again after the circulator is turned on. 
Allow 24 hours before operating the CPA-2001laser 
system. If the temperature setting of the circulator is 
changed, the CPA-2001 may need re-optimization. It is 
strongly recommended that the temperature of the water 
circulator remains constant at the factory set value. 
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4.2 24-Hour Operation 
The CPA-2001 is designed to be able to operate on a 24-hour basis 
provided proper safety precautions are used and regular maintenance 
is performed. 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 



4-4 CPA-2001 User Manual 

Copyright 2001, Clark-MXR, Inc. All rights reserved. 



CPA-2001 User Manual 5-1 

Figure 5-1 
The schematic of the 
fiber oscillator. WP 
denotes waveplates 
and BRF denotes 
birefringent filter. 

5 A More Detailed Look at the CPA-2001 

5.1 SErF™ Fiber Laser Operation 
SErF is based on the fiber ring "Stretched Pulse" laser developed at 
MIT by the group of Professors E. P. Ippen and H. A. Haus. The basic 
design is that of a unidirectional, polarization rotation additively pulse 
mode-locked (APM) fiber laser which uses Erbium doped fiber as the 
gain medium. The output wavelength of SErF is centered on 77Snm. 
The system is designed to provide hands off performance once it has 
been set up in a standard optics laboratory environment. The pump 
source for the laser is an all solid-state fiber-coupled laser diode 
operating at approximately 980 nm. 

The SErF contains the following components: 

1. A laser diode and associated control electronics. 

2. An active fiber ring laser. 

3. Some bulk optics used for polarization control, output coupling and 
wavelength control. 

4. A compressor to eliminate residual dispersion of the output pulses. 

5. A temperature-stabilized periodically poled lithium niobate (PPLN) 
frequency doubler. 

These components have been set to optimize your system's performance 
prior to shipping, and should not be touched. The fiber ring is sealed in a 
rigid frame. Do not attempt to gain access to this fiber, because doing so 
wil l result in damage and void the warranty on this system. However, the 
user does have limited access to the bulk optics (3), and if it is necessary 
to adjust these, instructions are included in the troubleshooting section. 

OUtput 

DO~ /~00 
WP BRF WP 

Aexcore 

00010) 
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Figure 5-2 
CPA-2001 rear panel 
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• The temperature stabilization loop must be on 24 hours 
prior to operation of the CPA-2001. 

After installation, the SErF is left on at all times to achieve optimal 
system performance. The laser diode is telecommunications grade and 
has a mean lifetime of 20 years, so it is not necessary to worry about 
"wearing out" the diode. 

The diode will remain on unless the ORC power supply is disconnected, 
or the main power toggle switch, CBl, on the back of the ORC power 
supply is turned off. If the ORC power supply has been disconnected 
or turned off, the SErF may require up to two hours before standard 
operation is achieved. 

• The temperature stabilization loop must be on at all times 
for the CPA-2001 to operate properly. This is especially 
important for proper operation of the fiber oscillator. DO 
NOT attempt to optimize fiber laser operation unless the 
temperature stabilizer loop has been on for at least 24 
hours. 

5.2 Diagnostics 
In case the SErF is not operating properly, the system contains several 
diagnostic components that allow you to troubleshoot the system and 
provide the engineers at Clark-MXR with the information necessary to 
diagnose your problem. 

As shown in Figure 5-2 of the rear view of the CPA-2001, there are 
two monitoring ports. 

[8~ o-~ • e 9 • 2 •• o 
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Figure 5-3 
Location of the fiber 
laser control 
electronics board. 

Figure 5-4 
CPA-2001 fiber laser 
control electronics 
board 

5-3 

• Port 7 (mode-locking monitor) is a photodiode signal that allows the 
user to monitor the mode-locking behavior of the fiber laser when 
connected to a scope with a 50-0hm input. Use a 10ns/division scale 
on the scope. 

• Port 4 (PPLN monitor) allows for the measurement of the PPLN 
temperature. The PPLN crystal is kept in a small oven heated to 
approximately 80 degrees Celsius to avoid optical damage to the 
crystal. The frequency doubling efficiency is optimal at this 
temperature. At the standard operating temperature, Port 4 will be 
very stable at a value between 1.3 and 1.8 KOhms. If the oven is not 
working at all, this port will have a resistance of approximately 10 
kilo-Ohms. 

The board with the control electronics for the laser diode also contains 
some system diagnostics. This board is mounted on the side of the 
CPA-2001 casting and is visible through a window in the access hatch 
shown in Figure 5-3. The board layout is shown in Figure 5-4. The 
digital display to the right is a readout of the laser diode current. The 
digital display to the left is a readout of the output power of the laser 
diode. The board runs in a constant power mode of operation, and the 
power is normally set around 150 mW. 

[ill] 
POWER 

(mW) 

l32o I 
Monitor 

(rnA) 

Front 

~ 980924A ~ 
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Figure 5-5 
Schematic view of 
ORC-1 DOD laser 
head 
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There are also two green labeled LEOs at the upper left of the board. 
During normal operation, both of these diodes are lit. If LED 1 is off, it 
indicates the temperature stabilization of the laser diode is not working 
correctly. If LED 2 is off, it indicates the PPLN oven temperature is too 
low. Either of these fault conditions will turn the laser diode off, 
resulting in a power reading of 0 mW. 

• There are a number of potentiometers on the diode control 
board. DO NOT touch these. They have been adjusted for 
the correct operation of the laser diode and readjusting 
them can damage the laser diode. 

• DO NOT touch exposed fiber! 

The fiber oscillator should be left running at all times. Make sure the 
water temperature stabilization loop is left on at all times as well. If it 
is necessary to turn off the fiber oscillator, it is sufficient to flip the 
main power toggle switch on the back of the ORC power supply to the 
off position. 

• Do not turn off the water circulator used for thermal 
stabilization of the CPA-2001. Also check the water level on 
a regular basis. 

5.3 Pulse Stretcher (bottom level of CPA-2001) 
There are no user-serviceable parts in the bottom level of the CPA-
2001 laser system including the parts in the Pulse Stretcher 
compartment. 

5.4 ORC-1000 Nd:YAG Pump Laser Operation 
The section to follow lists the ORC features unique to the CPA-2001 
laser system. 
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Figure 5-6 
Emission indicator 
position in CPA-2001 

5.4.1 ORC-1000 Features Unique to CPA-2001 
System 

5-5 

• Power must be maintained to the ORC power supply at all 
times. 

1. Main Shutter. The main shutter switch on the ORC power supply 
unit controls two mechanical shutters in the CPA-2001 system: the 
ORC intracavity shutter and an injection shutter in the pulse 
stretcher compartment in the bottom level of the CPA-2001 laser 
head. With this main shutter switch off, there will be no laser 
radiation coming out of the CPA-2001. 

A. The intracavity ORC shutter controls the ORC (YAG). When this 
shutter is closed, there is no green output and the feedback loop 
will be disabled. 

B. The injection shutter controls the seeding into the regen. 
When it is closed, the regen will operate in a free-running 
nanosecond regime. 

2. Emission Indicator. The location of the emission indicator in the 
CPA-2001 is shown in Figure 5-6. 

Laser 

• 
. . d' _;I EmiSSIOn In Icator 

9809!7E 

When the key on the front panel of the ORC power supply is turned on 
this indicator should come on. If it doesn't, re-check all of the system 
interlocks. 
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Figure 5-7 
Front panel of ORC-
1 000 power supply 
showing feedback 
active switch location 
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3. Power Stabilization System: The ORCin the CPA-2001 system 
incorporates a feedback-loop power stabilization circuit to provide a 
long-term pump power stability. This stabilization circuit can be 
activated and deactivated using a switch provided on the front panel 
of the ORC power supply (as shown in Figure 5-7). 

The feedback-loop circuit includes a photodiode monitor in the ORC 
laser head that monitors the 532nm power fluctuation. The location of 
this photodiode is shown in Figure 5-5. 

Feedback 

Main ORC Injection 
Shutters 
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The procedure for turning on and off the active power stabilization 
system is as follows: 

5-7 

a. Place a power meter head after the ORC laser head just inside the 
regen cavity to measure the average power. 

b. Turn on the ORC power supply and the lamp and let them warm up 
for 5 minutes. 

c. Open the mechanical shutters using the shutter switch on the front 
panel of the ORC power supply. 

d. Measure the 532nm power output from the ORC laser head using a 
power meter and set to your desired power level. 

e. Activate the feedback-loop circuitry by turning on the feedback 
active switch on the front panel of ORC power supply. When the 
switch is turned on, the arc lamp current will go to the minimum 
level (below 18 A) and will increase slowly to the current that was 
set in the last feedback turn-on. 

f. Measure again the 532nm power output. 

g. Adjust the 532nm power to the desired level by adjusting the pot 
shown in Figure 5-8 above. The number shown by the LED 
indicator is an arbitrary number. 

• Note this number as a reference to the 532nm power 
output level setting. 

h. To turn off the active power stabilization circuit, the feedback switch 
on the ORC power supply front panel is turned off. The lamp 
current can now be manually adjusted using the standard knob 
provided for this purpose on the front panel. 

• Feedback must be reset every time the repetition rate or 
the lamp is changed. 
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Figure 5-8 
Schematic view of 
the regenerative 
amplifier 
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5.5 Ti:Sapphire Amplifier 

9810208 

The regenerative amplifier was factory aligned. It should not require 
any rea lignment after installation with the following exceptions: 
• Optimization of the timing 
• Optimization of the seed injection 

See Chapter 6 for more information. 

5.5.1 Safety 
• Be careful! The output of the Regenerative Amplifier is 

extremely powerful. However, the near IR wavelength 
emitted by this unit is almost beyond the range of human 
vision. What appears as a low intensity red beam is in fact 
a very high intensity beam that can cause permanent loss 
of vision. 

5.5.2 Support Equipment 
The following user-provided equipment is necessary to monitor the 
operation of the Regenerative Amplifier : 

• Power meter (reading up to 10 Watts) 

• Oscilloscope [bandwidth ~ 350 MHz (analog)] 

• Infrared viewer 

Included with the Clark-MXR Regenerative Amplifier package is a fast 
photodiode. 
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5.6 Pockels Cell Driver 

5.6.1 Overview 
The PC Driver controls all synchronization including the seed pulse in 
the regen amplifier and its cavity dumping after amplification. 

The model Pockels cell control system consists of three subsystems: 

The DT-505 includes the various power supplies required to power the 
system. The synchronization circuitry and t imer board are also found in 
the DT-505. 

The high-voltage switching unit, model HVS-505. The HVS-505 is 
attached to the side of the CPA-2001. 

A Pockels cell assembly, found in the CPA-2001 regenerative amplifier. 

• Do not change cable lengths after installation. It will 
strongly influence performance. 

5.6.2 DT -505 Sub-System Description 

Control Unit Function 

The function of the DT-505 is to control the level and the sequence of 
the voltages applied to the Pockels cell assembly. 

The electronic circuitry is divided between the control unit and the 
HVS-505. However, all operator-adjustable controls are located on the 
DT-505's front panel. 

Timing Board 

The timing board contains the countdown circuitry that generates the 
user-selected repetition rate, as well as several digital delay generators 
and their associated synchronized outputs. The high voltage pulse 
sequence is fully controlled by the timing board. 

Figure 5-10 shows a flowchart of the timing board logic. 

Repetition Rate 
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Digital Delay Generators 

The DT-505 incorporates three independent digital delay generators 
and various auxiliary synchronized outputs. Delay 1 and Delay 2 
control respectively the first high voltage step and the second high 
voltage step. 
A synchronized TTL level output is provided with these two delay 
generators. 

Delay 3 is not tied to the high voltage circuitry. It is provided as a 
convenience to the user and is available for any additional 
synchronization needs. 

"Zero" delay provides early output to which the delays are 
synchronized. Zero delay is normally used to trigger the pump laser for 
the regenerative amplifier. 

The four delay generators share a common input (labeled Delay In). 

For standard operation, this input Delay In port is tied, via a short 
coaxial cable, to one of the three Audio Out ports. 

The user can select each delay through the control unit front panel 
(switches labeled Delay). The desirable delay is selected by affixing a 
first integer (three digits) and a second integer (two digits). The first 
integer selects the number of clock cycles that will form the digital 
portion of the delay. The second integer corresponds to a small analog 
delay. Each unit corresponds to approximately half a nanosecond. The 
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Figure 5-9 
Timing Board - Logic 
FlowChart 

analog delay counters are Hexadecimal based. The two portions 
(digital + analog) form the full delay. 

Modelocked Fiber Laser • Built-in fast phr-ot:.:;.o.=..:di.=..:od=-=e'----- -----------, 

FRONT 
PANEL 

SYNC 1 

RF IN ____. SPLITTER -----11•• RF OUT 

' DIVIDER / 2 • 
TIL 
OUT 

DIVIDER / 1000 

RF DIVIDER I 
user selectable ~ 

981022A 

divider 

DELAY 1 user selectable 

DELAY 2 user selectable 

DELAY 1 user selectable 

The high voltage is adjustable from the front panel of the DT-505. 
Two test points, located on the back panel of the DT-505, provide 

5-11 

a means of measuring the high-voltage. (The voltage as measured at 
these two test points corresponds to 111000 of the high-voltage 
provided by the HV power supply.) 

5.7 HVS-505 
The function of the High-Voltage Switching unit, model HVS-505, is to 
switch on and off the voltage applied to the Pockels cell. The HVS-505 
is composed of two identical units. Unit A is controlled by the DT-505 
through Delay 1 and HV 1. Unit B is controlled by the control unit 
through Delay 2 and H V 2. Unit A is attached to one electrode of the 
Pockels cell and Unit B is attached to the other electrode. The voltage 
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difference between the two electrodes determines the amount of 
phase retardation (see Figure 5-11). 
Note that there is a second window approximately 20 microseconds 
after the first one. This second window has no impact on the 
performance of the system. The rise t ime and fall time are typica lly 8 
ns. 

I I I I Time_. 

There are no user serviceable components in the HVS-505. For thermal 
management reasons, the units A and B are potted with a thermally 
conducting compound in the factory and cannot be field-serviced. 
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Figure 5-11 
Front panel of 
the DT-505 

5.8 Pockels Cell 
The Pockels Cell Assembly is formed of the Pockels cell proper (that is, 
an electro-optic crystal enclosed in an optical cell ) and a multi-axis 
mount designed to provide all of the degrees of freedom necessary for 
the alignment of the cell. 

5.9 Operation 

5.9.1 Control Unit (DT-505) Front Panel 
All of the user-adjustable controls are located on the front panel of the 
DT-505. 

The front panel is divided into three main sections (see Figure 5-1 .f). 
The left-hand section contains the various power supply functions. The 
middle section contains the adjustments for setting the repetition rate. 
Finally, the right-hand section contains the various delay generators. 

The "power" switch controls the power to the timing board. It must be 
on at all t imes, except during servicing. 

The "HV" switch controls the high voltage power supply. It must be set 
in the on position during operation of the Pockels cell. This switch 
should be set in the off posit ion if you are not planning on using the 
Pockels cell, but need to use the t imer. 

• Do not turn on this switch without first connecting the DT-
505 with the HVS-505 and the Pockels Cell using the 
appropriate sets of cables. 
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Figure5-12 
Back panel of the 
DT-505 
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HVl ADJ and HV2 ADJ 

These rotary dials are used to adjust the voltage level produced by the 
high voltage supply. The numeric indicators provide a relative 
reference. It does not provide an absolute calibration of the high 
voltage. The voltages were factory adjusted and should not need 
readjustment. 

The HVS-505 dissipates large amounts of heat when operating at high 
repetition rates. Several thermal sensors imbedded in the HVS-505 will 
shut down the DT-505 if factory preset values are exceeded. The 
overheat light (on the front panel of the DT-505) is lit when this 
undesirable condition occurs. 

If the overheat light indicates such a condition, then shut off the 
control unit (HV and POWER). Let the HVS-505 cool to room 
temperature, and check the laser cooling system for proper operation. 
If failure persists, contact customer service. 

• Note that the HVS-505 is NOT designed to operate above 5 
kHz, even though the logic board can operate at higher 
repetition rates. 

5.9.2 Control Unit (DT -505) Back Panel 

VAC Select 

Danger 
HIQh 

Vol age 

TTL out 

RF out 

Fused power connection to line voltage. Check that the proper input 
voltage is selected. 
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RFOut 
This BNC connector provides a 750mV sine wave synchronized with 
the RF In photodiode signal. It can be used for synchronization with 
other control units. 

TTL Out 
This BNC connector provides an approximate 2.5V TTL-level sign 
synchronized with the RF In photodiode signal. The TTL frequency is 
1/2 of the fundamental RF In frequency. 

HV /1-Trigger/1-Bus 
These three connectors should be connected to HVS-505 unit A 
(see section 5.7). 

• CAUTION! Lethal voltages are present at the HV connector 
when the HV switch (front panel) is ON. 

HV /2-Trigger /2-Bus 
These three connectors should be connected to HVS-505 unit B (see 
section 5.7). 

TP1 
Test point 1 for the high voltage associated with side 1 (SYNC 1). The 
voltage corresponds to 111000 of the voltage on HV side 1. 

TP2 
Test point 2 for high voltage associated with side 2 (SYNC 2). The 
voltage corresponds to 1/1000 of the voltage on HV side 2. 

Inhibit 
Normally disabled when jumper cable is plugged into back of unit. 

5.10 Connections 
There should be one umbilical cord incorporating two sets of three 
cables to connect to the back panel of the DT-505. 

• CAUTION! The two sets of three cables should be connected or 
disconnected between the DT-505 and the HVS-505 only after turning 
OFF the DT-505 (Power and HV). Lethal voltages are present at the HV 
connectors when the HV switch (front panel) is on. 
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Figure 6-1 

6 Optimizing the Regenerative Amplifier 

6.1 Seed Pulse Alignment Optimization 
Injection is controlled by mirrors 
24 and B25 (see Figure 5-9), which control the seed beam from the 
CPA-2001 stretcher. Mirrors B24 and B25 are sometimes called the 
injection mirrors. The injection mirrors 
are used to align the seed beam to the amplifier output making them 
colinear. This process is done in the factory. Occasional adjustments 
to B25 should be done by the user to keep the injection well aligned. 

This is done by gently adjusting the horizontal and vertical control of 
B25 alternatively while watching the rising pulse train (port 8, Figure 
3-8). The operator should try to maximize the early, non-saturated 
pulses in the pulse train. 
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• Do not exchange cables. Cable length does affect timing. 

Figure 6-2 
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6.2 Injection Timing Optimization 
The injection of the laser is monitored using the photodiode pre­
installed in the CPA-2001. The BNC connector is on the CPA-2001 
casing near the water inlet port 8 (Figure 3-7). It should be connected 
to a fast, analog oscilloscope (350 MHz or better) using a 50Q input. 

1. Injection timing is controlled using Delay 1 on the DT-505. It is set 
at installation for peak power and should not be adjusted by the 
user. 

2. Delay 2 controls the output timing of the amplifier. It is set to switch 
out the pulse after it has reached gain saturation. This is determined 
by a sharp reduction in peak-to-peak fluctuation as the rising pulse 
train reaches peak amplitude (Figure 6-1). Delay 2 is also set at 
installation. 
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Figure 7-1 
Schematic view 
of compressor 

7 Pulse Compressor 

7.1 Safety 
• Be careful! Remember that the IR wavelengths emitted by 

the Ti:Sapphire oscillator and greatly amplified by the 
regenerative amplifier are almost beyond the range of 
human vision. What appears as a low intensity red beam is 
in fact a very high intensity beam which can cause 
permanent loss of vision! Be aware of the beam 
propagation paths within and external to the modules. 

7.2 Pulse Compressor Alignment 
An internal layout of the compressor identifying the various 
components is presented in Figure 7-1. 
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The compressor was aligned at the factory. It should not require 
readjustment after initial installation/ except for the fine tuning of the 
final pulse duration. 

7.3 Compression Optimization 
The compression optimization is achieved by adjusting the distance 
between the grating1 8551 and the prism assembly/ 856. These 
optimizations require the use of an autocorrelator such as the Clark­
MXR Model AC-150 . 

1. Measure the autocorrelation pulse width. 

2. Using the external remote control1 increase or decrease the 
distance between the grating and Prism/ and monitor the pulse 
duration. See Figure 7-1. Optimize for best pulse duration. 
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8 Trouble-shooting 
The CPA-2001 system is designed to meet all specifications provided it is operated as 
stated in this manual. Should a problem occur, follow the sample procedures listed below. 
Should you not be able to eliminate the problem, contact Clark-MXR (in the U.S.) or your 
local distributor (overseas). 
To speed support, please have the following information ready: 

• Model 

• Serial# 

Problem 1. Oscillator is not mode locked.:. 

Solution 

Infrequently, the free-space optics in the SErF may need adjusting. This is required ONLY if 
the fiber laser does not mode-lock, or the mode locking is unstable, and ALL other 
operating conditions are normal. Specifically, before attempting to adjust any of the free­
space optics, make sure: 

1. Verify the oscillator is really not mode locked. Connect Port 7 (Figure 3-8) to 50 Q 
oscilloscope (10-50 mV vertical scale, 1ms horizontal scale). Check that you can observe 
"noise" but no mode locking. When mode locked properly, the top of the trace should 
be flat and show no sign of Q-switching. 

2. The water circulator is set at the correct temperature and has been on for at least 24 
hours. 

3. The room temperature is within two degrees of the standard room temperature. 

4. The laser diode is operating correctly, reading >145 mW. 

If the above conditions are met, and the fiber laser is not mode locked correctly, the free­
space optics may be adjusted. These optics tune the polarization state of the laser, 
allowing the compensation of any birefringence change in the fiber. Access to these optics 
is provided through a hatch in the side of the CPA-2001 casting as shown in Figure 8.1. 
The optical elements from left to right are: 

Waveplates 1 & 2 
A polarizer 
A birefringent tuner 
A faraday isolator (the cylindrical tube in the cubic mount) 
Waveplates 3 & 4. 
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Figure 8-1 
SErF free 
space optics 
hatch 
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Before beginning, make sure the waveplates are marked so that you can get them back to 
their original positions. 

The first waveplate to touch is waveplate 4. Loosen the set-screw shown in Figure 8-2 
(some units may not have set screws) for this thumbwheel. 

Adjust the waveplate to get the mode locking most stable (typically the laser will mode lock 
over about 5 degrees of rotation). If you can get it so the mode locking train looks flat on 
top (looking at the output of the mode locking monitor port on an oscilloscope), the laser is 
working well. 

Figure 8-2 
Location of set-screws 
on waveplates 

this set screw 

If you cannot get things running well with just tweaking waveplate 4, then waveplate 3 will 
need adjusting as well. This is a little bit trickier because by adjusting two waveplates, you 
can potentially mode-lock the laser in a completely different mode locking regime. This 
potentially causes the output pulse to have different dispersion, and it will not be 
effectively compressed by the prism compressor. The best way to avoid this is to watch the 
scope. If, while you tune the waveplates, there is a sudden jump in the level of the trace 
on the scope, you have probably switched regimes. 
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The best method for tweaking the two waveplates is as follows: tweak waveplate 3 a tiny 
bit-just enough to see some effect on the scope trace. Then, adjust waveplate 4 for best 
mode locking as above. If things look better than before, good. Try another small tweak on 
3 and then readjust 4 again. If things seem worse, try tweaking 3 in the other direction. 
Stick to small adjustments of 3 at a time. If you move 3 a lot at once and then tweak 4 to 
get mode locking, you risk mode locking in a different regime. 

Finally, if things are close and you wish to optimize the system just a little bit more, you 
can try adjusting the birefringent filter. Adjusting this can often make the mode locking 
train a little smoother. Use adjustments of about l/8th rotation of the BRF adjustment 
knob (see Figure 8-2). While the system is mode locked, adjust one increment in a given 
direction. If the mode locking is better here, good. If not, try adjusting in the other 
direction. 

Most likely, this procedure will work for you, and you will get satisfactory mode locking. If 
not, all waveplates might have to be completely readjusted. There is no good, set 
procedure for this. In addition, the pulse compression may have to be redone if the mode 
locking regime is changed. Therefore, please contact us if you cannot get satisfactory 
performance with adjusting two wave-plates. 

Problem 2. Low output energy. 

Solution 
1. Check water flow and temperature of chi ller water. 

2. Check power meter scaling. 

3. Check repetition rate. 

4. Check that oscillator is mode locking properly, and that ORC is Q-switching correctly. 

5. Using the built-in photodiode (port 8, Figure 3-8), check the injection rise-time, and 
optimize the injection as per section 6.1. 

Problem 3. Amplitude noise on output - should be 2% RMS or less. 

Solution 
1. Check that the oscillator is mode locking properly. 

2. Check DT-505 operation (correct RF input power, switch out delays, injection timing). 
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Trouble-shooting Flow Charts Related to Problems 2 and 3: 
Pulse train unstable. 

NO 

Reset feedback to initial power 
setting 

Copyright 2001, Clark-MXR, Inc. 

Contact Customer Service 

NO 

Increase power by V2 
Watt 

Contact Customer Service 

YES 
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Pulse train unstable. 
Low Energy. 
Feedback disengaged. 

Reset power to initial 
setting 
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Contact customer service 

NO 

YES 

Done 

Increase power by 
112 Watt 

Contact customer service 
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YES 
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Problem 4. Temporal jitter. 

Solution 
1. Check that the oscillator is mode locking properly. 

2. Check Q-switch repetition rate. 

3. Check water flow and temperature of chilled water. 

4. Check DT-505 RF input voltage. 

5. Have cables been changed or added? If yes, restore original cables. 

6. Contact customer service. 

Problem 5. Pulse width is too broad. 

Solution 
1. Check the autocorrelator ca libration and alignment. 

2. Adjust the length of the compressor using the translation stage adjustment. 

Problem 6. DT-505 is not operating. 

Solution 
1. Check that the oscillator is mode locking properly. 

2. See flow chart on following page. 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 



CPA-2001 User Manual 

Contact customer service 

DT-505 not operating 

Verify that AC voltage is set correctly 

Verify that the fuse has not blown 

YES 

Refer to Problem 1: Oscillator is 
not mode locked 

Copyright 2001, Clark-MXR. Inc. 
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Install inhibit jumper 

NO 

Done 
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9-1 

9 CPA-2001, Location of Labels 
In accordance with CDRH regulations, the location of the various 
safety labels that should be affixed to your CPA-2001, are shown in 
Figure 9-1. The function of the labels is to provide the user with 
information on the wavelength and power emitted and to warn the 
user against exposure to laser radiation. Do not remove these labels. 

Please refer to Chapter 1 for detai led Eye Safety information. 
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10 Maintenance 

10.1 Changing the ORC-1000 Lamp and De-ionizing 
Filter 
• Whenever the arc lamp is replaced, the VAG rod 

mounting/seal assemblies should be examined for signs of 
erosion induced by optical radiation from the arc lamp. 

1. De-energize the circuit breaker, then remove the main power plug 
from the wall outlet. 

2. Remove the top cover of the ORC laser head by removing the four 
screws securing it in place. 

3. Remove the NYLON top plate and white protective blocks from the 
lamp housing, then measure across both terminals for zero (0) volts. 

• It takes several minutes for the lamp voltage to bleed off 
the filter capacitors. 

4. Put on protective goggles to guard against possible lamp explosion. 

• WARNING! Because of potential danger from an exploding 
lamp, protective goggles must be worn before removing 
the top from the lamp housing. 

5. Remove the eight socket cap screws from the lamp housing. Lift the 
top of the lamp housing slightly (do not completely remove the top) 
and let the housing sit momentarily to enable any excess water to 
drain out. 

6. Remove the top cover. The lamp is attached to the back of the top 
cover. 

7. Remove two button-head screws from each of the lamp mount 
connectors. 

8. Carefully note the orientation of the anode and cathode of the old 
lamp. The lamp base coded red is the anode and should be 

Copyright 2001, Clark-MXR. Inc. All rights reserved. 



10-2 CPA-2001 User Manual 

connected to the"+" power station lead (The lamp anode tip is 
rounded while the cathode tip is pointed). 

9. Slide the lamp out either end. 

• Do not touch the envelope of the new lamp with your bare 
fingers. If this happens, clean the lamp with acetone or 
methanol before installing it (This prevents skin oil from 
etching the lamp). 

10. Check the orientation of the anode and cathode of the new lamp in 
the holders. Attach lamp mount connectors on each end. Make 
sure the lamp is centered within the holders and both lamp bases 
should be equally inserted into the spring end and connectors. 
Screw two button-head screws into the mounts. 

11. Replace the white protective blocks, the nylon protective top, and 
the securing screws (Do NOT over-tighten the eight securing 
screws). 

12. Replace the deionizing filter on the back of the power supply. 

13. "Defeat" the system interlock by pulling it into the "up" position. 

14. Turn the pump on and verify that there are no water leaks. Bring 
the system up to normal operation. Realignment should not be 
necessary. 

15. Shut down the system and push the interlock defeat switch to the 
down position. Replace and secure the cover. 

10.2 Changing 0-ring Seal 
• Rod seals should be changed every 1500 hours. See 

Appendix A for rod seal replacement kits. 

10.2.1 Cleaning Procedure 
1. Completely remove all excess dirt, dust or other contaminates in the 

rod by flushing it with methanol. 

2. Apply the drip and drag method to the faces of the rod with lens 
tissue and methanol. 

3. Inspect the surface. If not clean, repeat steps 1 and 2. 

4. Swirl clear 0-rings in methanol for two (2) minutes, air dry for 20 
minutes. 
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10.2.2 Assembly of the VAG Frame and 
Installation 
1. Finger coats should be worn at all t imes when the YAG rod is being 

handled. 

2. Cleaning the YAG rod should follow the above mentioned 
procedures. 

3. Inspect YAG rod. 

4. If necessary, clean rod ends only with methanol. Inspect coated 
ends for scratches, digs, flaws and damage. Use a 8-10X 
microscope if possible. 

5. Using calipers, measure 0.10 inch from the end of the rod, being 
very careful not to touch the rod end with the caliper blades. Mark 
lightly with a pencil on the side of the rod. Repeat at other end. 

6. Slip clear 0-ring down one end of the rod shaft to the pencil mark. 
Be careful not to touch the rod surface. 

7. Slip female rod holder carefully over the other end of the rod with 
threaded hole facing the 0-ring at the opposite end. 

8. Using compressed nitrogen or argon at approximately 30psi, blow 
off the 0-ring and inside of cap, being careful to aim the gas 
stream at an angle, towards the 0-ring and not at the rod surface. 

9. Place second female holder on rod from the other end, threads 
facing outward. Mount the second 0-ring. 

10. Repeat step 8. 

11. Re-inspect the rod ends. Clean with methanol only if necessary. 

12. Slide the female rod holders onto each end of the rod so that the 
pencil marks are visible. Be careful that the 0-rings are not pushed 
off the ends. 

13. Screw the four 4-40x0.25 screws into the YAG frame and female 
rod holders. Do not completely tighten. 

14. Screw the male YAG rod holders into the female rod holders finger­
tight and allow them to center themselves in the frame. 

15. Tighten the 4-40x0.25 screws. 
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16. Screw two 4-40 nylon tip set screws into the YAG frame. 

17. Make a mark with a felt-tipped black pen on the male rod holder 
nearest to the serial number to mark the "in" end. Note this should 
be the shutter side of the rod. 

18. Do a final visual check on the rod for particulate matter on the 
ends before placing it back into the rod housing . 

19. Use the four 4-40x0.625 cap screws to secure the rod frame to the 
rod housing. 

To disassemble the rod, please reverse the steps. 

10.3 Temperature Stabilization Loop 
• Low water level in the chiller may result in freezing of the 

reservoir. 

1. Add algicide according to manufacturer's recommendation as noted 
on the algicide bottle. 

2. Add distilled or deionized water as needed. 
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12 Contact Information 
Main Office 
Clark-MXR. Inc. 
7300 W. Huron River Drive 
Dexter, Michigan 48130 USA 
Tel: 734-426-2803 
Fax: 734-426-6288 
Scientific Sales and Inquiries: sales@cmxr.com 
Micromachining Sales and Inquiries: micromachining@cmxr.com 
Website: http/ jwww.cmxr.com 

In Europe 
Jobin Yvon GmbH 
(formerly Dilor GmbH), 
Neuhofstrasse 9, D-64625 
Bensheim, Germany 
Tel: 49-6251-8475-0 
Fax: 49-6251-8475-20 
E-mail: laser@jyhoriba.de 

In Israel 
AMMO Engineering Ltd. 
55 Hanevim St 
P.O.B. 1726 
Ramat-Hasharon 47116 Israel 
Tel: 972-3-5472747 
Fax: 972-3-5472744 
E-mail: ammo1@netvision.net.il 
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ORC Alignment Procedures 

1. Place power meter at the ORC output. 

2. Set the current to 20 amps with no power to the Q-switch driver. The laser will be 
operating in Continuous Wave mode. 

Note: It is assumed the oven controller has already been 
calibrated. 

3. Open Shutter. 

4. Tweak the LBO crystal's horizontal rotation angle first. There should be three 
"peaks" where power is maximized; align the crystal on the central peak 

5. Tweak the two end mirrors to try to increase the output power. Alternate the 
adjustments between the LBO crystal and the end mirrors until the maximum 
power at 20 amps is found. 

6. Periodically check the beam going through the crystaL If the beam moves off 
center during the CW optimization then re-adjust the crystal's X andY position. 
Do not make this adjustment unless the Q-switch driver is off. 

7. Increase the current by two amps. Repeat steps 4-6 until you reach 29 amps or 
you obtain 5 Watts of power. 

Note: 5 Watts of power might not be obtainable with an LBO 
Crystal. 
Note: The next steps are to align the Q-switch 

8. Close ORC shutter 

9. Place beam block in the output path of the 532nm (Green) beam 

10. Turn on the RF power supply and turn the 3 position Modulation control knob to 
the off position 

7300 West Huron River Dr. 
Dexter, MI 48130 
II':VI\ InC:. "')CltY< 

service@cmxr .com 
www.cmxr.com 
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16. Re-inspect the lamp and then close the lamp housing. Replace the lamp contacts 
if there is evidence of corrosion. 

17. Secure the lamp housing cover by tightening the eight (8) 8-32 screws in a "boot­
lace" pattern (See Figure 1). Use several iteration of the "boot-lace" pattern until 
all the screws are tight. Tighten firmly using a ball driver. Do not use excessive 
torque. Do not force the screws. Replace the screws or re-tap the holes if 
necessary. 

18. Slide the long beam tube back into place. 

19. Replace the Q-switch assembly and the Ml end mirror. 

20. Align ORC cavity as follows 

Fig. 1 

1 

8 
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The Layout of the Compressor for the CPA-2001 
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ORC Cavity condensed Alignment Procedure 

IR Operation 

After the SAM (M4, 10 em in diagrams) mirror is replaced, with Q-switch turned off, plug the 
oven control cable into the KTP mount and tum the power supply and lamp back on. (In your 
case it should already be on). If the oven controller hasnjfi been cai tr a edt o 75-755 ohms then 
do so at this time. (Your reading was 730 ohms, so it is best to go ahead and calibrate. To do so, 
adjust the fine pot on the oven controller (found in the same location as the white plugs in the 
power supply) to read 750-755 ohms. Be sure to have the power supply on to about 21 amps and 
the Q-switch off while this is performed). Wait about 15 minutes after the oven has been 
calibrated to make sure the temperature will remain stable. Open the shutter and look through 
the window on the KTP mount cover at the face of the crystal. If the crystal is properly placed a 
green beam can be seen through the crystal. If the crystal is not centered adjust the X andY­
axis of the mount to center the crystal in the beam. 
Close the shutter and remove the beam tubes between the KTP and SAM mount (M4, 10cm). 
Remove the 0-ring in the SAM mount so it doesnjfi gff. btr ned and s rmke the o{ti c Q>ent he 
shutter and locate the surface reflection from the KTP on the SAM mount. Adjust the vertical 
and horizontal angular axes on the KTP mount to put the reflection on the edge of the aperture in 
the SAM mount in the 3 ojfki ock pcsiti on Thenr-adjust the horizontal angle to find maximum 
output power. Be careful to wear appropriate goggles (532 nm OD>4) when adjusting the KTP. 
Also be careful not to get dust on the crystal when the cavity is open. As soon as the crystal is 
properly aligned close the shutter and replace the 0-ring and beam tubes. Be sure the SAM 
mirror is free of any dust or debris, or it will bum. Proceed with 532 optimization. 

532 nm Optimization 

Move the power meter head to start of regenerative amplifier, as usually done to begin 
operations. Start at 21 amps current and with no power to the Q-switch driver, operating in CW 
mode. It is assumed the oven controller has already been calibrated, so open the shutter. Tweak 
the crystaljft hai zorta r<tai on ang efirst. There shoti d bet lTee i peaksj - wu:re po4f 

maximized; align the crystal on the central peak. Then tweak the SAM mirror to try to increase 
the output power. Tweak only the top comer adjustment screw. It is a good idea to remove the 
set screws holding the long telescoping beam tube in the fixed mirror mounts, move the tube a 
little and peek down the holes to see if the beam is well placed (centered under the set screw 
holes). Alternate these adjustments between the crystal and the end mirror until the maximum 
power at 21 amps is found. Periodically chec.k the beam going through the crystal. If the beam 
moves off-center during the CW optimization then re-adjust the crystaljft Xand Ypcsiti on Ib 
not make this adjustment unless the Q-switch driver is off. Once a maximum power is found 
record it and increase the current to 23 amps, tweak again, then increase current to 25 amps and 
tweak again. 
In CW operation 5 watts should be found at or under 25 amps through the lamp. 

Before going to pulsed operation the Q-switch must be properly aligned. With the q-switch diver 
on but the modulation off, at the power meter face, a faint green beam may be seen. If so, loosen 
the clamping screw on the Q-switch mount and tum the adjustment screw to set the proper Q­
switch angle. The restoring spring in the Q-switch mount is weak so it is necessary to push the 
vertical plate on the Q-switch mount against the adjustment screw. As the Q-switch is rotated 
the amount of light i I eaN ngj- thr ouw t re q1 ic \Ml v.uy 'Irere are t w argl e; "Were t h 



amount of light is minimized. Adjust the Q-switch for one of these nodes and then tighten the 
clamping screw. Increase the current by a Watt or two until green light shows again and then 
i d pj- t re -switch again. Keep doing this until the Q-switch can no longer i hd d cff j- t re lase 
i.e., light leaks through the Q-switch even though it is at the optimum angle. If the Q-switch can 
not hold off the laser when there is at least 29 amps current then re-dip the Q-switch starting 
back at low current or increase the RF power. If the q-switch already holds off the laser to 29 
amps, then do not adjust anything. Once the Q-switch is satisfactorily aligned, walk the current 
back down to 20 amps, checking for leaky spots, and then close the shutter. With the current 
back to 20 amps and the frequency at 1KHz make sure the oven resistance is around 750 ohms. 
(It should be already at 1 KHz). The laserjft po veri s mJii ri:lzed a 1 KH; so be very calli ous 
when tuning the KTP and SAM mounts. Do not adjust the LAM mount at 1 KHz. Do not adjust 
the laser at 1KHz if the output power is more than 8 Watts; doing so may damage the KTP. 
Always monitor the oven resistance when the laser is operating at 1 KHz. The oven resistance 
should not drop more than 10 ohms at any time; if it does the KTP has burned. Ideally the oven 
resistance will be within 5 ohms less than static oven resistance. Set the current so the output 
power is about 5 Watts. Carefully adjust the crystaljft hai zort a ang et o ott an mJii nu m 
output. Only small angular adjustments are needed at this point in the test. Then tweak the SAM 
mount. Alternate between the KTP and Sam mirror. Tum the current up to obtain 6.5 Watts and 
re-tweak the laser. Tum the current up to obtain about 7.5 Watts and re-tweak. If at 7.5-8 Watts 
the laser seems stable then slowly tum up the current while monitoring the power meter and the 
oven resistance. If the oven resistance drops suddenly, or power decreases suddenly, or the laser 
becomes unstable, back off the current and check for a damaged KTP or burned mirrors. Also 
check the Q-switch alignment otherwise increase current until the waveform on the scope starts 
to collapse in on itself; this is the Q-switch failing to hold off the laser. If 12 Watts is obtained 
before the waveform collapses, do not increase the current beyond that point. If 12 Watts is not 
obtained go back to 5 Watts andre-tweak laser. Stability should be better than 3% peak-to-peak 
at powers above 8 Watts. 

At this point it will be time to bring the green beam into the regenerative amplifier cavity. The 
first turning mirror outside the output coupler sends the beam into a prism aligned at minimum 
deviation. This needs to be rechecked. What I would do next is to again tum off the Q-switch 
(and low power also) and cavity dumped very late (delay two very late or injection shutter off) 
and tweak the two turning mirrors after the prism until it is brought into the Ti: sapphire rod. 
Slowly tweak the two green turning mirrors prior to the regenerative amplifier cavity until the 
regenerative amplifier starts to lase. Tweak for fastest build up. Then tum Q-switch on and 
inject and fine tweak for best performance. 
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Found Imp p;::r cov. r .g of tl•e YAO rod and lamp, bro)(..,n UV : Her rn Lamp housrng, Defee live lamp and puor compr~::.sion 
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tno right anglo mirror mounts and rotc~ ted the grating to obtain compression 230.AJC (1 53fs). 
--- - --- - -
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All of custorners c;u ... ,tion where il"lS\"ured and customer tee:s more informed about hts CPA s>stom and how to optinut-o and u~e it 

-
p~oper~J. 

T Outout Power B~On N 

OAC Power 7W 
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1300 W est Huron Rtvor Dr.ve, Dexter, 1\tii 48130 
Tel: (73•1) 426-2803 F<u . (l..i ; 4~b·•;288 



(c:~MXR, Inc. 
"'=7-

Ar.lrO' T l<coCor 
- - ----- - - -- - ---- ·- · --
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Cu~tomer(s) un-Jcrst~mds las,;r safety issues relating to their system. ,) k (Initials) 

A7 
Custcmt:r's S1gnature: a.rvv- ~rz..v.--. --_/1 ;;:: f ~-:P _t· -----
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Customer Name Jinho Lee 

Company/Institution/Organization NHMFL 

Phone 850-645-3265 

Address 1800 E. Paul Dirac Dr. 

Tallahassee FL. 32310 

Problem Reported Low ORC output power 

D Warranty 
X Service 
D Installation 

SERVICE REPORT 

SO# F507 

Start Date March 14, 2006 

End Date March 15, 2006 

~ ....... , ~ 
I 

I 
I 

Action Taken Inspected the system and discovered that the KTP crystal had graytracked .. I ita lied LBO crystal and Aligned the ORC. 

The ORC power did not meet spec and the system was shut down and inspected the mirrrjrs of the cavity. Discovered burns on the 
fnlln\A/nn 

Optics. 10cm, 20cm, Output coupler, End Mirror, and YAG rod. The burns on the 10crrj_ 20cm, and End mirror were able to rotated and 

~placement. Had to replace the Output coupler and the YAG rod assejn~ligned the system for 7 watts of output 
or 

~~t 28 Amps. y lower and upper ceramic reflectors are original and should be ~cy6 to improve efficiency and improve the lifetime of - ~ 
I K'~~ned the Regen cavity for 900mw of output power. Change tt(e ~ting Yosi~ in its mount and aligned the compressor for 

l~tput power of the customer's TOPAZ is 135-140mw at 1300 um. The 5YSfem was shut down and started repeatedly to test 
rol i<:>hiliht 

Replaced the ORC head clamp bar since a screw was broken off in to previously. 

Part No./Descriotion Qtv Price Extended 
ORC output coupler 1 $644.00 $644.00 
LBO crystal 1 $2800.00 $2800.00 

YAG Rod Assembly 1 $2509.00 $2509.00 

ORC Head Clamp Bar 1 $150.00 $150.00 

Sub total $6103.00 

25% discount on Parts 1 $1525.75 

Subtotal $4577.25 

Labor 12 Hours I Rate: $175/hour (8 hour minimum) $1400(min) $2100.00 

Travel Zone Charge $1700.00 $1700.00 

- __ ... - _.-- TOTAL $8377.25 

WorkBy~~~ 
Customef" '' .. 1 
Signature ·""- . - / --

,~; 
,..,.. 

; 

/ 

Web Page: www.cmxr.com 

- Follow-up Required 

'· 

E-Mail : Service@cmxr.com 

7300 West Huron River Drive, Dexter, Ml 48130 
Tel: (734) 426-2803 Fax: (734) 426-6288 



Executive Officers 

William Clark, Ph.D. 
President and CEO 

Edesly Canto-Said, Ph.D. 
Vice-President of Production 

Larry A. Walker II, Ph.D. 
Vice-President of Research 

& Development 

Directors 

William Clark, Ph.D. 
Chairman of the Board 

William G. May 
Chairman and Founder, 
Burleigh Instruments, Inc. 

-ary Shields 
lltech Partners LLC 

7300 West Huron River Drive 
Dexter, Michigan 48130 

Tel: (734) 426-2803 
Fax: (734) 426-6288 
Web: www.cmxr.com 

Date: j4/21/06 

Clark-MXR, Inc. 
Equipment Loan Agreement 

An Agreement made between: 

Clark-MXR, Inc., 7300 W. Huron River Dr., Dexter, Ml 48130 "CMXR") and 
Jinho Lee- NHMFL ("User"). 

User agrees to return equipment by 

I June 2006 

Price of equipment 
1 $ 5oo.oo 

The loan of the equipment is subject to the following conditions: 
1. The equipment shall be and remain at all times the property of CMXR. 
2. If equipment has not been returned to CMXR by agreed date, User shall pay 

CMXR for the cost of the equipment. 
3. Remit payments to: Accounts Receivable, Clark-MXR, Inc., 7300 W. Huron River 

Dr., Dexter, Ml 48130. 
4. All payments are due 30 days after invoicing. 
5. The customer is responsible for the cost of shipping to and from CMXR facilities. 
6. The User shall be responsible for all costs associated with taxes, custom fees, etc. 
7. The User shall be responsible for the repair or placement of the equipment in the 

event that it is lost or damaged, including loss or damage during shipping or 
delivery to or from the User. 

8. The User shall make every effort to ensure that the equipment is used, maintained 
and stored in a proper manner. The equipment shall not be moved from the 
regular or agreed upon premises or operations of the User with the prior written 
approval of CMXR. 

9. In the event of damage to the equipment, the User shall not undertake or arrange 
for the repair of the equipment, other than routine maintenance, with the prior 
approval of CMXR. The User shall not alter the equipment or change the use for 
which it was intended without the prior written approval of CMXR. 

10. CMXR makes no claims regarding the condition of the equipment or its suitability 
for any particular scientific or other purpose. 



11. The User agrees to indemnity CMXR against any expenses, claims, damages, or actions arising out 
of a breach of this Agreement or arising out of a breach of this Agreement or arising out of the User's 
possession or use of the equipment. 

12. The User agrees to return the equipment in the same condition in which it was received, normal wear 
and tear accepted. 

13. CMXR reserves the right to terminate this Agreement at any time upon 30 days written notice to the 
User. The User agrees to return the equipment immediately at the end of the notice period. 

14. The User shall not assign this Agreement or assign or sublease the equ ipment without the express 
written consent of CMXR. 

15. This Agreement constitutes the entire agreement between the parties. Any amendment to this 
Agreement must be in writing and signed by both parties. 

16. This Agreement shall be governed and interpreted according to the laws of Michigan. 
17. If the User fails to return the equipment at the end of the loan period the User agrees to pay CMXR for 

the current retail price of the equipment within 30 days of being invoiced. 
18. Additional Terms and Conditions [Set out below in the space provided.] Parties should in itial each 

additional term. 

Representatives of the company and the user must sign this agreement before the equipment is released 
to the user. 

~£~ 
Signature: 

Amber Hollenbeck (signed) 

Print Name and Title 

User Representative 

e~ L. B~. 
Print Name and Title ... 

CMXR Representative 

Customer Service 

April 21 . 2006 
Date Signed Date Signed 
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To: James Mundy ! 

' Com any: National High ty~agnetic L B 

From: Jennifer Sohalesky 

Phone: 814-472-0950 

Fax: 814-472-5222 

Pages: 
Fax: 850-644-1243 
ate: 4 /27/2006 

FOR YOUR SHIPMENT 295-30-0-36224 
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MXR Inc. 
INITIAL INSPECTION REPORT 

This form is to be attached to the appropriate signed pre-service customer report. Do not proceed w/o a form signed by the customer 

Customer Name Jinho Lee/Reitze/Branson/ Tallahassee IRMA# 13561 

Problem Reported 

1. Possible water damage to the SERF. No modelocking. 

2. 

3. 

Suggested additional procedure (This information will be provided to the customer. His written authorization will be obtained prior to 
any additional work) 

Upper plate in SERF laser removed to check for water damage in fiber tray. Fiber tray showed white mineral deposits, usually caused by 
Water damage. All modelocking optics showed watermarks and degradation. All optics needed cleaning. Right hand fiber collimator 
(looking from the top of the laser) was extremely bent. It did not appear broken, but it needed to be straightened. 

System will need complete re-alignment. 

-

Part No./Description Qty Unit Price Extended 

This is a preliminary report only. Charges have not been assessed. 

Subtotal 

Labor estimate (hours) I Rate: $125/hour 

TOTAL 

Service Engineer Additional comments: 

Amber Hollenbeck 

Customer signature: By signing and returning to us this document you accept the charges listed above (those are in addition to the 
charges listed in the "pre-service customer report") 

Web Page: www.cmxr.com E-Mail: Service@cmxr.com 
7300 West Huron River Drive, Dexter, Ml 48130 
Tel: (734) 426-2803 Fax: (734) 426-6288 



Initial Inspection Report RMA# 13561. 



Pictures of the fiber tray, modelocking optics block, and collimator. 



Customer Name Jinho Lee 

Company/Institution/Organization National High Magnetic Field Laboratory 

Phone 850- 644-0311 

Address 1800 E. Paul Dirac Dr. 

Tallahassee, FL 32310 

Problem Reported: Lower section of CPA requires installation after repair 

D Warranty 
X Non-warranty 
D Installation 

SERVICE REPORT 

SO#F 

Start Date June 13, 2006 

End Date June 14, 2006 

Action Taken: The lower section was in place upon arrival. Connected water and electrical connections. Turn on the system and 

modelocking was present without needing to adjust anything. Positioned the top section to allow clean injection beam travel to the 

upper level. Replaced the top cover of YAG head in ORC. The pump was started and the top cover leaked check good. The ORC 

was allowed to warm up and required minimal adjustments to get 6.9 W of output power. The regen was optimized and injection 

Beam was aligned. The power before the compressor was 1.44W and 920mW of output power. The system was compressed 

to 147fs with the Mini A/C. A two hour stability test results were 920mW average with a Max Of 927mW and a Mean of 918mW. 

The output beam was steered into the customer's TOPAZ and an output of 160mW was achieved. 

During the second day start up the modelocking was not present. The BRF was slightly adjusted to regain the mode locking signal. 

The customer was shown the location of the BRF and how to obtain a modelock. 

Part No./Description Qty Price Extended 

Subtotal 

Labor 16 Hours I Rate: $175/hour (8 hour minimum) $1400(min) $2800.00 

Travel $1700.00 

,/ .~4" ----Work By.; ~?fY/~ 
...... 

,. ' II' / 
Customer cJ ~ /1 iAA-. ~ Signature 

'-"'7' -
Web Page: www.cmxr.com 

-

$1700.00 

TOTAL $4500.00* 

Follow-up Required 

*This price is for the installation only of the lower section not the repair. 

E-Mail: Service@cmxr.com 
7300 West Huron River Drive, Dexter, Ml 48130 
Tel: (734) 426-2803 Fax: (734) 426-6288 



FINAL IN-HOUSE SERVICE REPORT 

This form is to be attached to the appropriate signed pre-service and initial customer report 

-Customer Name Jinho Lee/Reitze/Branson/ Tallahassee l RMA#13561-SO#F091 

Problem Reported 

1. Possible water damage to the SERF. No modelocking. 

2. 

3. 

Action Taken and final status SERF cleaned and realigned. 

Service Engineer: Amber Hollenbeck I Date completion work: 5/09/06 

Final Report (SERF) 

Fiber lengths and diode : unchanged 
PPLN: unchanged, PPLN reading: 1453 Ohms 

Diode reading : 307 mW, 162 rnA 

Final Output power before stretcher : 5.3 mW. 

Bandwidth: 7.75 nm centered at 771 nm. 

STRETCHER: 

Final output power : 2.5 mW 

COST: 

Part No./Description Qty Unit Price Extended 

Subtotal- part 

Labor Initial inspection 5 hours Rate: $125/hour 625.00 

Labor additional work 35 hours Rate: $125/hour . . ' 4375.00 

Shipping Cost Attached appropriate document _ .. 
Other fee (custom, taxes, Insurance, etc.) 

Service Engineer: 

A. Hollenbeck 

Web Page: www.cmxr.com 

Attached appropriate document 
,. 

Additional comments: 

TOTAL 5,000.00 

E-Mail: Service@cmxr.com 
7300 West Huron River Drive, Dexter, Ml 48130 
Tel: (734) 426-2803 Fax: (734) 426-6288 



Executive Officers 

William Clark, Ph.D. 
President and CEO 

Edesly Canto-Said, Ph.D. 
Vice-President of Production 

Larry A. Walker II, Ph.D. 
Vice-President of Research 

& Development 

Directors 

William Clark, Ph.D. 
Chairman of the Board 

William G. May 
Chairman and Founder, 
Burleigh Instruments, Inc. 

Gary Shields 
Avtech Partners LLC 

7300 West Huron River Drive 
Dexter, Michigan 48130 

Tel: (734) 426-2803 
Fax: (734) 426-6288 
Web: www.cmxr.com 

Date: I 8-25-2006 

Clark-MXR, Inc. 
Equipment Loan Agreement 

An Agreement made between: 

Clark-MXR, Inc., 7300 W. Huron River Dr .. Dexter. Ml 48130 "CMXR") and 
Jinho Lee ("User"). 

leted 

Price of equipment 
I $3soo 

The loan of the equipment is subject to the following conditions: 
1. The equipment shall be and remain at all times the property of CMXR. 
2. If equipment has not been returned to CMXR by agreed date. User shall pay 

CMXR for the cost of the equipment. 
3. Remit payments to: Accounts Receivable, Clark-MXR, Inc .. 7300 W. Huron River 

Dr., Dexter, Ml 48130. 
4. All payments are due 30 days after invoicing. 
5. The customer is responsible for the cost of sh ipping to and from CMXR facilities. 
6. The User shall be responsible for all costs associated with taxes, custom fees, etc. 
7. The User shall be responsible for the repair or placement of the equipment in the 

event that it is lost or damaged, including loss or damage during shipping or 
delivery to or from the User. 

8. The User shall make every effort to ensure that the equipment is used, maintained 
and stored in a proper manner. The equipment shall not be moved from the 
regular or agreed upon premises or operations of the User with the prior written 
approval of CMXR. 

9. In the event of damage to the equipment. the User shall not undertake or arrange 
for the repair of the equipment, other than routine maintenance, with the prior 
approval of CMXR. The User shall not alter the equipment or change the use for 
which it was intended without the prior written approval of CMXR. 

10. CMXR makes no claims regarding the condition of the equipment or its suitability 
for any particular scientific or other purpose. 



11. The User agrees to indemnity CMXR against any expenses, claims, damages, or actions arising out 
of a breach of this Agreement or arising out of a breach of this Agreement or arising out of the User's 
possession or use of the equipment. 

12. The User agrees to return the equipment in the same condition in which it was received, normal wear 
and tear accepted. 

13. CMXR reserves the right to terminate this Agreement at any time upon 30 days written notice to the 
User. The User agrees to return the equipment immediately at the end of the notice period. 

14. The User shall not assign this Agreement or assign or sublease the equ ipment without the express 
written consent of CMXR. 

15. This Agreement constitutes the entire agreement between the parties. Any amendment to this 
Agreement must be in writing and signed by both parties. 

16. This Agreement shall be governed and interpreted according to the laws of Michigan. 
17. If the User fails to return the equipment at the end of the loan period the User agrees to pay CMXR for 

the current retail price of the equipment within 30 days of being invoiced. 
18. Additional Terms and Conditions [Set out below in the space provided.] Parties should in itial each 

additional term. 

Representatives of the company and the user must sign th is agreement before the equipment is released 
to the user. 

Signature: Signature: 

~{!__~ Robert Bethke (signed) 
User Representative 

5''('\A.c.e.. L. \3ra.n.tt 
CMXR Representative 

Customer Service 
Print Name and Title Print Name and Title . l"l 

\-\eA.d,.) DC- ~a.C> " y 
August25,2006 "&"- 2. ct- of, 
Date Signed Date Signed 



Decoupling the CPA 2001 

1. Attach Decou piing tools to the outside of CPA's casting, 
as in the picture below. Mark casting ends to ease in re­
coupling of the unit. 

2. Disconnect injection shutter (white connecter near the 
HV switches). 

3. Remove the two bulk ends that hold the CPA cover in 
place from the end of the casting. 

4. Remove the cover off the ORC and Regen cavities. 



5. Remove the three hex bolts pictured above and below 

6. Have one person on each end of unit. 



7. Lift up on decoupling tools and remove the top casting off 
the CPA and move it to one side. 



Clark-:MXR, ~c. _ 

Laser preparations for packaging for shipment 

Bottom Half of Casting Only 

1. Turn off all power to the system. Turn off supply of water to the system, this 
includes turning off the chiller provided with the CPA. 

2. Disconnect all connectors from the bottom half. 

3. Coolant hoses need to be disconnected and casting should be drained of all 
water. 

4. Handles for lifting and securing the laser to the crate must be installed. 
There is a left and a right handle to be used. Both handles have 3 holes for 
the studs/bolts on the crate. Both handles mount directly to the casting with 
the holes in the handles for the crate studs/bolts away from the casting. One 
of the handles mounts to the casting with 4 bolts and the other mounts with 
just 3 bolts. The handle that uses just 3 bolts is used on the congested end of 
the laser and that end only has 3 drilled and tapped holes for the handle. 

5. Placing the laser handles on the crate studs/bolts is easier if the nut on the 
stud/bolt is slightly loosened to allow the stud/bolt to move slightly as needed. 
These must be re-tightened before the nuts on top of the handles are 
tightened. The stud/bolt may be held with strong pliers for this operation in 
the middle of the stud/bolt where the threads are not going to be used. 

6. Before the bottom half of the laser is placed on the crate stud/bolts make sure 
the nuts for the bottom side of the handles are lowered far enough down on 
the stud/bolts. Verify that the metal swivel feet of the laser are all touching 
the crate. Tighten the nuts on both sides of the handle using a lock washer 
on the top nut. Verify after tightening of the nuts that the swivel feet of the 
laser are still flat on the wood of the crate. 

7. Make sure bottom half of the laser system is tightly covered. A plexiglass 
cover is recommended. 

8. Install the top of the crate. Label crate with "Fragile" "This end up" and 
shock watch devices if available. These help to minimize transit damage. 
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